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5 FIELD OF THE INVENTION 

Tiie pr^aanfc invention rela1r.es to an expression system which 
provides heterologous proteins expressed by a non™hative 
host organism .but. which ha^e n a t;i v y e~pr & i n~> 1 ika biological 
ID activity and /or structure* 



BACKGROUND. TO THE INVENTION 

15 Advances during the past decade in moleci^iar biology and 
genetic engineering have made it possible to produce large 
amounts of protein products using heterologous expression 
systems* 

2 0 The use of heterologous hosts for production of ? f dir. 
example, therapeutic proteins f can lead, however f to 
differences in the foioXogio&l arid/or structural properties 
of the recombinant product, Amongst the bioohainical 
modifications that commonly occur to proteins during or 

2 5 following their synthesis in the cell, the formation of 
dieiilphide foonds is of ralevance since this modification is 
coupled to the correct folding or assembly of disulphide- 
bonded: proteins. (reviewed by J* c*A* Bardwe.il, and 
J. Seck^ith, Cell*- 74: 769-771, IS 9 3 ; 1>B* Freedm&n, 1b 

30 Protein Folding f T*E> Oreighton (0d*) > Freeman arid Co, f 

Pew York, pp. 455-539, 1992) * 

In bacteria and other host cells for example^ under certain 
conditions f some heterologous proteins are precipitated 
35 within cells as H ref raotile** or ^inclusion ?¥ foodies. Such 
refract lie or inclusion bodies consist of dense masses of 
partially folded, reduced heterologous protein which is 
often in a form which is not biologically active 



2 

(S*Bv Storrs at a I * , Protein Folding ~ American Ch&mxa&l 
Soci&izy Symposium S&ri&s 470^ Ch&pt&r 15 1 197-2 04 > 1991} * 
Xt is believed that, the biological, inactivity of natively- 
disulphide^bor>ded ref raot tie or inclusion hat erologaus 
5 proteins is due to incorrect protein folding or assembly 
brought about by the non- f ormat Ion or inisf ormation of the 
diBiilphida bonds within the proteins.* The biological 
inactivity of ref ractiie or inclusion heterologous proteins 
due to the process of incorrect protein folding or assembly 
10 is believed to occur either before or after intracellular 
precipitation or during isolation of the proteins * 

Moreover f very of ten the biological function of a protein is 
regulated or at least influenced by the state of oxidation 
15 of its Bulphydryl groups* This is the case for some 
enzymatic activities whare the reversibility and timing of 
oxidation of sulphydryl groups has been proposed as a. 
physioiogicai control mechanism* 

20 There are numerous examples of di sulphide- bonded proteins in 
the literatnre* For instance, most viral glycoproteins and 
some growth factors are known to be disulphide-bondad* in 
general f di sulphide bonds are essential to correct protein 
folding > Examples of distiiphide— bonded recombinant 

2 5 heterologous proteins that have been shown to be misfolded 
when expressed in, for example, yeast cells include 
hepatitis B virus large surface protein (Biemans at al * r DMA 
Cell Biol r 2 0 z 19 :1.-20:0.^. 1991), ct-X~ant itrypsin (Moir and 

Duma is ^ Gene, 56? 209-217 > 1987) , and erythropoietin 
30 (Elliott et al > f Gen&s ¥9* 157-1:80.., 1989) * Examples of 
recombinant proteins expressed in f . for example,, insect or 
mammalian cells, tor which dis'Ulphide bonds have been shown 
to be essential for correct protein folding^ include 
g r anu I ooy t e /ma crophage oo lony s t tmul at i ng factor {GM-CSF) 
3S (Xaushansky et al>? Proa, Natl* Acad... Bex > USA, 8$z 12X3~* 
1217 f 1989) Frienci erythroleukaemia virus {BFF7} 
glycoprotein gp5S (Giiniak e t al * * J\ Biol * Gh&m*, 266 1 
2299 1-22997 r 199:1} , glycoprotein of. vesicular stomatitis 
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virus (VSV-G). (Grig era && ai ? ? J'-.,.- Viral, f m. si 3 749-37 37;, 
1992) * pulmonary surfactant protein D (Crouch et ai * / J * 
Biol* 269 1 1SS08~X58X3 # 1994} 5 low density 

lipoprotein £LD&) recsgtor (Bier I at al * * Bioc/iaisistiry^ 34 s 
5 13 © S 9 -13 0.6:5. 5 X } , i nsuXxn^ like growth £ act or £ B&hr i e t 
41 ^ Bj^oah^rnxstry^ 32 z S214~S22i* 1933 }, and angiofceTisxn- 
concerting ensyme (ACE) (Storrock et ai * # Biachemistry^ 35: 
9S§0 9 *9566 r 1996) , It should be noted that in all these 
cases f heterologous protein expression in particular host 
iO cells was only used to produce suf f icient quantities of the 
protein concerned to enable structural studies to foe carried 



Several protein factors which catalyse di sulphide bond 
15 formation have been character ised * Protein disulphide 
isomerase (PDI) is an abundant; multi functional protein 
found in the lumen ot the endoplasmic reticulum (EE) that 
promotes proper formation of bisulphide bonds in secretory 
and cell surf ace proteins {LaMantia et a I * Proc , £?&tl, 

2 0 Jlc&d* Sci * as t 44 53— 4 4 57^ 1991; Farcfuh&r et ai ., . , 

108 z , mm, i Fre adman , Cell? 5? t 1069-10,75 , 19 89; 

Laboissiere et al\ f J , Biol . ChBrn., 270 1 28006-3801)0 , 199 5). 

A similar function, but in a different cellular compartment, 
35 has been ascribed, to another small, ubiquitous protein ^ 
tMaredoxin (URX) {dan, 31 Bdol * Chem> ? 266 1 1^92-1696 , 
1991; MulXer, m1 Biol > Chem* ? 266 1 9194-9202 f 1991; Ohivers 
et al * j EMBO J * * 15 z 2669-2 667 , 1996) f that has an active- 
site sequence similar to that of PDI* Thioredoxins are 

3 0 oylosolio polypeptides capable of catalysing the reduction 

of disulphides using glutathione as a reductaht {Holmgren, 
*31 Biol , Chem« ? 2-&44 13963-13966 , 19-89} * It has been 
postulated that thioredoKin may also be involved in the 
reduction of prematnrely formed disulphides in proteins that 
3 5 have entered the ER, since the fcioloaio&l activity of a 
number of key enzymes involved in crucial metabolic pathways 
depends on the cytosolic redo>c system f it is plausible that 
TEX plays a relevant role in the mod if icat ion of proteins 
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involved in folding in eeilular compartments other than the 
oytosol * 

in fciie numerous organisms f -. fox example ^ Bacteria, yeast , 
5 mammalian cells and insect cel. Is > wteiqb. have been 
gene t lea 1 ly man ipu X a ted to ( over) B^gress h a t er o 1 ogohs 
proteins the problem encountered with most expression 
systems is the inability to express proteins which are 
biological ly act ive > 

ID 

MMH^EK.^SZ THE IIWENTXOH 

It now appears that clue to the lack of or inef f icient amount 
IS of the enzymes necessary for correct folding or assembly of 
heterologous proteins in non-native expression hosts * such 
expressed heterologous prate ins are often not biologically 
active and/or have an incorrect protein structure, 

20 The present invention overcomes this problem and allows for 
the expression of biological. ly active and/ or correct Xy 
structured he hero logons proteins in non-native express ion 
hosts ■* 

25 It has now been found that exprassion cassettes encoding FBI 
or TWH can fee used to transform a host organism thereby 
making it capable of Dvere^pressing PDX or TRX* Preferably^ 
the host organism is yeast* Yeast cells > for example ; 
over expressing these proteins can subsequently or 

30 simultaneously be transformed with expression vectors 
encoding one or more desirable heterologous proteinB* The 
heterologous proteins expressed in such PBI/TRX w transf ormad 
yeast cells are in a properly-f aided ^ biologically active 
form due to the di sulphide bond format ion activity of the 

35 PDX or TEI enzymes co-expressefi in the same cell* 

Such systems for producing biologically active heterologous 
proteins can foe advantageously used for the production o£ Y 
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for sample, proteins for human or veterinary tberagaufci:c 
and/or diagnostic use or cipher proteins of commercial or 
research interest* The correct; and optimum biological 
activity ef fected fey tfee methods of tfoe present indention is 
5 paramodBt in producing , for example affective drugs and 
diagnostic reagents *, 

PDi over express ion in. SmeaharomycBS c^revisiae it&s been 
£own& to enhance the secretion of human pXatelet^derived 
10 growth factor B homodimer fPDGF~BE} into the culture medium 
(Robinson at al < * Bio/TBchnology^ 12 t 3 81-384, 1994), 

In tbe present invention an increased level of heterologous 
protein folding efficiency in calls has been demonstrated* 

15 

According to a first aspect of the invent: ion there is 
provided a vector comprising an expression cassette 
comprising a DNA sequence encoding a protein capable of 
catalyzing disnlpbide bond formation* 

20 

Such a vector desirably results in lover) expression of the 
protein in a trans formed host cell, thus providing the 
conditions for correct heterologous protein folding* 

25 The protein may fee any protein capable of catalyzing 
disulpbide bond formation and is preferably protein 
disulphide isomerase (KDI) or thioredoxin (TMX) or a 
combination thereof- The genes encoding PDI and TEX are 
preferably obtained from yeast, more preferably from 

30 &,y oe^evisiae. However , the soar ces ot PDI and TM% can also 
include,, f or example f human wild- type and mutant oDMA 
sequences* 

As used berein, the term ^expression cassette" connotes an 
35 DH& sequence comprising at least a structural TMh sequence 
encoding a protein, and., appropriate.- expression and optionally 
control sequences to facilitate expression of the structural 
OKA sequence „. 
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The vector may comprise mora "than one DMA sequence encoding 
a protein Which is capable of cafcaly^ing disuiphide bond 
formation, in one or more expression cassettes* ' The •• 
5 sequences may be repeats of the same DNA sequence or isay 
encode different proteins capable of catalysing disniphide 
bond formation* Providing multiple copies of 0H& sequences 
of the saie or different proteins capable of catalysing 
<3isulphi<3e bond formation represents one way of achieving 
10 the desirable over express ion of the proteins and tta& 
achieving the advantageous and inventive technical effects 

The expression cassette may also comprise a DMA sequence 
encoding a leader peptide for secretion fused to the S* end 
of the gene coding f or the protein capable of catalysing 
disuiphide bond formation* In so doing , the construct 
desirably results in (1) (over) eKpression of the protein in 
the transformed cel,"l f and (2) localisation of the 
(over) expressed protein in the ER, and/or other secretory 
compartments r where it can exert its function r thus 
providing the conditions for correct heterologoas protein 
folding. 

The vector of the first aspect of the invention may also 
23 further comprise an expression cassette comprising DMA 
sequenoefsj encoding one or more heterologous proteins* 
Preferably^ the hetetologoi^s protein is hepatitis € virus 
(MOV) envelope glycoprotein or human c™f os-indueed 

growth factor (FIGF) . 

3 0 

The vector of the first 
i nt egr a t xve or epi soraa 1 
org an x am * Pre t er a b 1 y the 
into the host organism* 

35 

According to a second aspect of the invention there is 
provided a host organism transformed with a vector according 
to the first aspect of the invention* 
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aspect of the invention may toe 
when transformed into a host 
vector is capable of integration 



? 

Ags-iit, multiple copies of the vector may fee present either 
as episomal vectors or Integrated in. the host organism 
pnoia to assist (over) eKp»ssioB of tM protein capable of 
5 catalysing di sulphide bond formation* 

Apoordln0 to a third aspect of the invention there is 
provided a host organism of the second aspect of. the 
invention further transformed with a vector comprising an 
.10 expression cassette comprising DH& seguence(^} encoding one 
or more heterologous proteins, This further vector may be 
integrative or episomal when transformed into the host 
organism > 

AT. - 

i5 The host organism may be oo-transf acted with more than one 
vector which comprises an expression cassette compri sing DMA 
sequencers} encoding one or more heterologous proteins, 

The host organism may he any host organism in which the 
30 expression of a heterologous protein is prone to incorrect 
disuXphide bond formation. 

The heterologous protein may tee any protein not normally 
produced in the host organism and which would, in the 
25 absence of (over) expression of the protein capable of 
catalysing disulphide bond formation , be produced in a form 
with incorrect disulphide bonds* PreferabXyi the 

heterologous protein is MC¥ ;E2 n ^ envelope glycoprotein or 
human FIGF* 

3 0 

Preferably ? the host organ ism according to the second and 
third aspects of the invention is yeast and more preferably 
<S * oer e v x j. a e *. 

35 J^ooordlhg to a fourth aspect of the invention there is 
provided a method of producing a hosst organism according to 
the second aspect of the invention, comprising transforming 
a host organism with a vector of the first aspect of the 
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in vent: ion > 

According to a : .fifth aspect of the invention there is 
provided a method of producing a host organism according to 
5 t&a third aspect of the indention , comprising further 
transforming a hast organism of the second aspect of the 
indention either subsequently or aimuXtanepusly with a 
vector comprising an expression cassette comprising DMA 
sequence (s) encoding one or mora heterologous proteins * 

10 

&ceordIng to a si.^th aspect of the invention there is 
provided a method for expressing biologioally active ana/or 
correctly structured heterologous protein (s) in a host 
organise , comprising the steps of ? 

(a) transforming a host organism with one or more vectors 
according to the first aspect of the present invention; 

(b) further transforming the host organism of step {a) 
20 either sutseqtientlv or siiaultanedttslv vs?ith one or more 

vectors comprising DMA sequence (s) encoding one or more 
heterologous proteins; and 

(c) calturing the host organism of step (foj in conditions 
25 suitable for expression of the one or more heterologous 

proteins ■« 

According to a seventh aspect of the invention there is 
provided a method for expressing bio logical- 1 active and/or 
30 correctly structured heterologous protein (s) in a host 
organ i si ? compr is i ng s 

f aj trans forming a host organ ism according to the second 
aspect of the invention either subsequently or 
3 5 simultaneoy.siy with one or eore vectors comprising DBA 
sequencers) encoding one or mora heterologous proteins; and 

i to) cuiturlng the host organism of step (a) in conditions 
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suitafcle for expression of the one or more teterclogous 
proteins * 

According; to an eighth aspect of the invention there Is 
S. provided a method for expressing biologically active and /or 
correct ly structured heterologous protein (a) in a host 
organise comprising the step of eulturing a host organism 
transformed with one or iora vectors according to tfce tfeirA 
aspect of the invention in oonditions suitable for 
lO expression of the one or more heterologous proteins. 

According to a ninth aspect of the invention there is 
provided a method for expressing HGV- B2 7X * envelope 
glycoprotein or human FXGF in a host -organism «. 

15 

Recording to a tenth aspect of the invention there is 
provided a method for the preparation of an immunogenic 
compos it ion ^ comprising bringing HC¥-E2 715 ewalope 
glycoprotein. or human FXGF produced by the method according 
SO to the ninth aspect of the invention into association with 
a pharmaceutical iy carrier and optionally an adjuvant. 



The practice of the present invention will employ ? unless 
otherwise indicated > conventional techniques of mplecu lar 
toiology f microtoio logy recomhinant DMA , an<i immunology ) 
which are within the skill of the art. Such techniques are 

3 0 explained fully in the literature (see, for example y 
Samhrook at al * , Molecular Cloning: A Laboratory Manual? 
Seeomi Edit ion , f 19 89 ; p* U QIov&t ( ed ♦ ) , DNA €lon±ng^ Volumes. 
I and XX : > 198 5? M* j> Gait ( ecU ) , oligonueleoticiB Synth&s&s.?- 
198 4 ; B* D * • Hames and B * J * Higgins (eds* ) /. Nuclei c Acid 

35 Hybridization, 1984? S * D * Hamas and S.Ji Higgins (ads*), 
Tr&nscri ptlon and Translation* WB4 ; R * X * Freshney fed, } ^ 
Aniiiml Cell Culture/ 19-8:6? Immobilized Calls and 
XRIi Press, 1986; 8 * Farfeal, A Practical Guide to Molecular 
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Cloning. * 1984; The series y Methods In Enzymolagy f Academic 
Press, Inc . ; 3VH« Miller and MVP. Galas (ed&„ } t • <3e^:e 
Wrmx&tB.r ¥0Ctor^ for Macallan £e2lH ? Cold Spring Harbor 
Laboratory, 1BB7; Wu and Grossman (eds*) and Mix 
5 Met&ad& in J^^ymolo^y^ Folumes 15 # aa<f 155 r respect ively; 
Mayer and Walker (eds* ). # nocfe^mic^l Methods in Cell and 

MolBoztlar Biology^ Academic Press, London, 198 T; Scopes t 
Protest n Puri f i ca t i on s Prxn aipl as anc? Pjracti.ae > Se eond 
Edition , Springer-Verlaqu Mew York;., 1987 j aM Weir and 

10 Cx C* Slaokwell (e&s « ) r &&n£&o<®k of BxpBt^irmntal lmmuht>logf^ 
WalumBS X* J¥y 1,986 ) * 

Ks mentioned above^ examples of the protein capable of 
catalysing disnlphide bond formation that dan be used in the 
15 present invention include polypeptideB with minor amino acid 
variations from the amino acid sequence of the FOX or TEX 
protein specifically described * 

A significant advantage of producing heterologous proteins 
20 by recombinant BM& techniques rather than by isolating and 
purifying a protein from natural sources .is. that equivalent 
quantities of the protein can be produced fay using leas 
starting material than »uM be required for isolating the 
protein from a natural source, Producing the protein by 
3S recombinant techniques also permits the protein to toe 
isolated in the absence of some molecules normally present 
in cells. Indeed , protein compos it ions entirely free of any 
trace of human protein con t am i n ax-it s can readily be produced 
because the only human protein produced by the recombinant 
30 non~hiiman host is the recombinant protein at issue* 
Potential viral agents from natural sources and viral 
components pathogenic to humans are also avoided* 

Fharmacaut ical ly acceptable carriers include any carrier 
35. that does not itself induce the production of antibodies 
harmful to the individual receiving the composition* 
Suitable carriers are typically large* slowly metabolized 
macremoieouies such as proteins, polysaccharides, poly lactic 
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acids* pplyglycoiio acids, polymeria a^ino aclds 7 aMino acid 
copolymers* lipid aggravates (such as oil droplets or 
liposomes) and inactive virus particles , Such carriers are 
well known to tbos& of ordinary skill in tbe art* 
5 Additional ly, these carriers may function as 
XBTOpostimu lat Ing agents (adjuvants) * 

Preferred adjuvants to enhance effectiveness of the compo- 
sition Incliide, but are not limited tot aluminum salts 

ID (alum), sucli as aluminium hydroxide > aluminium phosphate* 
a luminium sulphate etc., oil emulsion, formulations* with or 
without other specific immunostiTauiating agents such as 
muramyi peptides or fcaeterial cell wail components > such as 
for example CD MFS9 (Published international patent 

15 application WO~A~9Q/ 148 3 7 , containing $% Scalene > 0 * 5% 
Tween^ 80, 0,5% Span^ 85 (optionally containing various 
amounts of KTP-PE (see below) t although not required) 
formulated into submicron particles using a microfluiSizer 
such as Model 11 0Y isicrof luidiser (Hierof lu idles New toil > HA. 

20 02164, USA) f (2) S&F r containing 30% squalene* 0.4% Tween 
30 1 5% pluronic— blocked polymer 1*1 2 I * and thr-MDP (sea 
below) either mierof luidi^ed into a suferaicron emulsion or 
vortexed to generate a larger particle s iz e emulsion, and 
(3) BXBI^ adjuvant system (E&S) (kibx Xmmunochem, Hamil ton * 

25 MTf XJSA) containing 21 Squalene, 0*2% Tween^ SO and one or 
more bacterial cell wall components from the group 
consist ing of monophoaphory I lipid A (MPI*) , trehalose 
dimycolate (TDM) * and cell wall skeleton (cms) preferably 
MPI^CWS (Detox*} s muramyi peptides such as M-acetyl-iuraByl- 

3 0 L^threonyl^D^isogltitamine (thr^HDF) f : N - a eet y I -nor mux amy l,** 
. l - : a 1 a ^ isog lut a^:i:iae (nor-MBF) f N~acetyL~^ 
alanyl-D-isoglutaminyl-L-a 1 * 2 * -d.ipa i^ i fc oy 1 

g iyoer 0^.3 -hy dr pxypho spho ry lossy } —ethy lamina (MTP~fe) etc * * 
and cytoki^es> -such a& inter leukins (Xi^lj TL~2 etc>)> 

3 5 macrophage colony stimulating factor (M~C3P) < tumour 
nee r os i s f actor ( TWF ) e tc * &<Mi t iona 1 iy ( & ap on in a d j u vants f 
such as Stimulon^ (Cambridge Bioscience , Worcester , MA t USA), 
may fee used or particles generated theref roM such as ISCOMS 
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: (. immunos t imul aiding cD^plaxas J * Furthermore A Complete 

Freunds Adjuvant (CFA } and Incomplete Freunds Adjuvant: {la} 
may be used. Aluis and MF59 are preferred. 

5. The immunogenic compositions (e*9* the antigen + 
phar maoeu t ica Xly acceptable carrier and adjuvant) typically 
will contain diluents, such as water , sali*ie> -glycerol;,, 
etlianol f - etc* AdcSitionaliyy auxiliary siibstances r such as 
wetting or emulsifying agents t pH buffering substances:,* and 
10 the like, may fee present in such Wh idles* 



Typically, the immunogenic compositions are prepared as 
injectables ? either as liquid solutions or suspensions; 
IS solid forms suit able for solution in, or suspension: in, 
liquid vehicles prior to injection may also ha prepared. 
The prBparatvion- also may be emulsified or encapsulated in 
liposomes for enhanced adjuvant affect as discussed above 
under pharmaceutioally acceptable carriers * 

20 

Isimanogenic compositions used as vaccines comprise an 
iminimo 1 oaica 1 ly a f fective amount of the /antigenic 
polypeptides, as well as any other of the a bove -mentioned 
components r as needed v By ** immunologically ef f eot i v& 

25 amoxmt f it is meant that the administration of that amount 
to ah individual * either in a single dose or as part of a 
series > is effective for treatment or prevention* This 
amount varies depending upon the health and physical 
condition of the individual to fee treated, the taxonomio 

3Q group of individiaai to be treated (&«g> t nonhnman primate, 
pr imate , etc < } t the capacity of the individual Vs immine 
system to synthesize anti&odies, the degree of protection 
desired, the formulation of the vaccina, the treating 
dootor*s assessment of the medical situation^ and other rel~ 

35 evant factors* It is expected that the amount will fall in 
a relatively broad range that can fee determined through 
routine trials, 
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The immunogenic compos it, Ions are conventionally adminis"- 
feared parenteral ly * e,g t by injection either sufecutaneDiisIf 
or intramuscularly. Additional formulations suitable for 
other modes of admin -is.tr at ion include oral and pulmonary 
S formulations f suppositories and transdermal a ppl i cat zon&: , 
Dosage treatment may be a singie dose schedule or a. mul- 
tiple dose schedule* l^Jie vaccine may be adininistered in 
conjunction with other im»no regulatory agents. 

10 The term ^reoomfeinant polynucleotide** as used herein intends 
a polynucleotide of genomic, oDHA, semisynthetic, or 
synthetic origin which f by virtue of its origin or 
manipulation t (1) la not associated with all or a portion of 
a polynucleotide with which it is associated in nature^ (2 ) 

15 is linked to a polynucleotide other than that to which it is 
linked In nature, or (3) does net occur in nature* 

The term ^polynucleotide** as used herein refers to a 
polymeric form of nucleotides of any length, either 

SO ribonucleotides or de o r i ba nuc 1 e o tides , This term refers 
only to the priiary structure of the molecule* Thus, this 
term includes double- and singlets trended DNA and RM* It 
also includes kno^n types of modifications^ for example # 
labels which, are known in the art , methyl a tion *>eaps* ? > 

23 substitution of one or more of the naturally occurring 
nucleotides with an analogue, internucleotide modif ications 
such as f for example, those with uncharged linkages {e * , 
methyl phosphonates , phosphotriesterSy phosphoamidatea , 
carbamates^ etc.) and with charged linkages (evg--* r 

3D phosphorothioates , phosphorodithioates^ etc* } , those 
containing pendant moieties , such as > for example proteins 
(Including., for example nucleases , toxins , antibodies , 
signal peptides f poly^L-Iyaine> etc* ) , those with 
interoa later s (; e * g * , acridine, psoralen, etc * } , those 

36 containing chelators (a » g metals radioactive metala> 
boron, oxidative metals, etc,}, those containing alkylators, 
those with modified linkages {e.g. f alpha anomeric nucleic 
acids , etc*}, as well as unmodified forms of the 
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polynucleotide * 

•A ff repl±Qon ¥ * Is any genetic element ^ & * g * « a. plasraid, a 
ehromosMe , a virus, a oosmid, etc* that .befea¥a.s as an- 
5 autonomous unit: of poXynueleotid& replication within a cell; 
I<e>* capable of replication under its own control. Ttiis 
may include . Belectabie markers , 

A ^eotar N is a replicon in which another polynucleotide 
10 segment is attached, so as to bring about the replication 
and J or expression- of the attached segment * 

^Control sequence** refers to polynpcJleotide sequences which- 
are nefsss^ary to effect the expression of coding sequences 

15 to which they are li gated* The nature of such control 
sequences differs depending upon the host organism? in 
pr o&a r y ot es fi such: contra 1 sequences genera 1 iy i no Xude 
promoter f ritoosomal bind iner site f and tr&nscr ipt ion 
tierminat ion sequence; in eukaryofees> generally, such control 

20 sequences include promoters and transcription termination 
sequence* The term ** control sequences** is intended to 
include, at a minimum, all components whose presence is 
necessary for expression^ and -may also include additional 
components whose presence is ady a rrfc ag : aotis :f for example, 

2 5 leader sequences and fusion partner sequences:* 

^Operablv linked*' refers to a juxtaposition wherein the 
components so described are in a relationship permitting 
tham to function in their intended manner* A control 
3D sequence **opar&bly linked** to a coding sequence Is iigafced 
in such a way that expression of the coding sequence is 
achieved : under conditions compatible with the control 
sequences* 

35 hn "open reading frame** (DRF) is a region of a 
polynucleotide sequence which encodes a polypeptide? this 
region may represent a portion of a coding sequence or a 
total coding sequence* 
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■A ^coding sequence** is a poiymicleotide sequence which is 
translated into a polypeptide^ usually via mHMA, when plaqed 
under the control of appropriate regulatory sequences* The 
5 feOun<3aries of the coding sequence are determined by a 
translatioB start codon at- the 5 :'* -fcermi>nu3 and a translation 
stop codon at the 3 J -termirms * A coding seguenca can 
include; bat is not limited to, cDMA, and recombinant 
poly nueleot ide sequences <> 

10 

refers to the technique of polymerase chain reaction 
as descr ibed in Saiki &£ &1» ^ Naimrm? 324 i 163 , 1986 ; Soh&rf 
at. al* f Science, 233 t 1076-1 07B r U. S> Patent 

4 t 6 S3 > 19 3; and U < S * Patent 4 ? 68 3 ? 202 ♦ 

IS 

As used herein ? >t is "he ter o ibgoias ** with respect to y if x 
is not naturally associated with y in the identical manner? 
i> e * , x is not associated with y in nature or x is not 
associated with y in the sarnie manner as is f oui^d in nature* 

20 

^Homology*' raters to the degree of similarity between >< and 
y» The correspondence tee twaen the sequence from one form to 
another can be det examined: by techniques ^nown in the art* 
For example, they can foe determined fey a direct comparison 

2§ of the sequence information of the poiyhuoIeOtide« 
Alternatively, homology can tee determined by hy for Mi. sat ion 
of the ppiynueieotides under conditions which foo stable 
duplexes between homologous regions (for esea&vple> those 
which would he used prior to 8"„ digestion) v followed by 

30 digestion with single-stranded specific nuclease |s)^ fol^ 
lowed by si^e determination of the digested fragments. 

As used herein f the term ^polypeptide* 1 refers to a polymer 
of amino acids and does not refer to a specific length of 
3 5 the product; thus s peptides > oligopeptides $ and proteins are 
included within the definition of polypeptide* This term 
also does not refer to or exclude post expression 
modifications of the polypeptide, for example, 
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giYcosyIations ? aoetylations, phosphoryIat:ionB and the iiM , 
Included within the definition are, for example^ 
po lyp&p t i de.s containing one or mare analogues of an amino 
acid { including,, for example ^ unnatural amino aoid«> etc*h 
5' polypeptides with substituted linkages > as well as other 
modifications known in the art f both naturally occurring and 
non- na tiira 1 lv occurrinq * 

A polypeptide or amino acid ^egaenee ^derived from 1 * a 
10 designated nucleic acid sequence refers to a polypeptide 
having an amino acid sequence identical to that of a 
polypeptide encoded in the sequence s or a portion thereof 
wherein the portion consists of at least 3-5 amino acids > 
and more preferably at least 8— 10 amino acids * and even more 
15 preferably at least Xl^is amino acids , or which is la- 
munologically identifiable with a polypeptide encoded in the 
sequence , This terminology also includes a polypeptide 
expressed f r om a des ignated nucleic acid sequence * 

20 The protein may be used for producing antibodies, either 
monqcionai or polyclonal, specific to the protein. The 
methods for producing these ant ihod lea are known in the art* 

^Recombinant host cells** ^hos t cells'* , ^ ee l Is f JS cell 
2S cultures**, and other such terms denote, for example, 
microorganisms, insect eel Is, and mammalian eel Is that can 
be / or have been, used as recipients for recombinant vec- 
tor or other transfer DMA, and include the progeny of the 
original cell which has been transformed* It is understood 
30 that the progeny of a single parental cell may not 
necessarily be completely identical in morphology or in 
genomic or total DN& complement as the original parent > due 
to natural r accidental, or deliberate mutation. Examples 
for Batoalian host cells include Chinese hamster ovary (CHO) 
35 and monSey kidney (COS) cells < 

Specifically, as used herein, **oeil line-* refers to a 
population of ceils capable of continuous or prolonged 



growth and division in vitro. Of ten , cell lines are clonal 
populations derived from a single progenitor cell* It is 
further known in the art that spontaneous or induced changes 
can occur in karyotype during storage or transfer of such 
3- clonal popialaf Ions ^ therefore, cells deriyed from the call 
line referred to may not he precisely identical to the 
ancestral cells or cultures* and the ceil line referred to 
includes such variants, The term **ceil line 0 also includes 
immortalized cells* Preferably, call lines include 
10 nonhybrid cell lines or hyfcridomas to only two call types. 

lis used Herein, the term ^microorganisB^ includes 
prokaryotic and eukaryofie microbial spec las such as 
bacteria and fungi, the latter including yeast and 
15 filamentous fungi < 

^Transformation^, as used herein, refers to the insertion of 
an exogenous polynucleotide into a host cell> irrespective 
of the method used for the insertion > for example < direct 
20 uptake, transduction f f -mating or elect roporation > The 
exogenous polynucleotide may he maintained as a 
non-integrated vector > for example , a plasmid> or 
alternatively P may be integrated into the host genome* 

2 5 By ** genomic ** is meant, a co l lect ion or l ibrary of DMA 

molecular which are derived from restriction f raginents that 
have been cloned in vectors. This may include all or part 
of the genetic material of an organism, 

30 By **Qmm** is., meant a complementary Dm A sequence that 
hybridizes to a complementary strand of DM. 

By ** purified" and ** isolated ** is iseant, when referring to a 
polypeptide or nucleotide sequence, that the indicated 

3 5 molecule is present in the substantial absence of other 

biological Macromoleculas of the same type. The term 
^purified" as used herein preferably means at least 75% by 
weight, more preferably at least 85% by weight f more 



wo mmim 



m 

preferably still at: least 9B% by weight, and most preferaMy 
at. least 98% toy weight , of biological ^acroiplecwlas of the 
same type present; (feut water t buffers, and other small 
molecules especially molecules ■ -.having a. molecular weight of 
5 less than 10 DO, can he present) * 

Once the a ppr &pr i ate coding sequence is isolated:/ it can be 
expressed in a variety of different expression systems ?. for 
example those used with mammalian pells* baculoviruses f 
10 bacteria, and yeast* 

i * Mammal ian Sy stems 

15 Mammalian expression systems are Known in the art, A 
mammalian promoter is any DHA sequence capable of binding 
mammalian polymerase and initiating the downstream (3 ¥ ) 
transcription of a coding sequence (e*gr* structural gene) 
into xuRNA.* A promoter will have a transcription initiating 

ao region, which is usually placed proximal to the s* end of 
the coding sequence, and a .T'MJk. box f usually located 25^3 0 
toase pairs (hp) upstream of the transcription initiation 
site* The TATA box is thought to direct MA polymerase IT 
to begin synthesis at the correct site. A xnammalian 

25 promoter will also oontain an upstream promoter elements 
usually located within 100 to 200 bp upstream of the TATA 
box » An upstream promoter element determines the rate at 
which transcription is initiated and can act in either 
orientation (Sambrook et al * f ^Expression of Cloned aenes in 

3D Mammalian Cells" , im Molecular Cloning: A. XM&or&tory 
Manual ? 2nd M, , 1989} « 

Mammalian viral genes are often hiahlv expressed and have a 
broad host range; therefore sequences encoding mammalian 
35 viral genes provide particularly useful promoter seguences * 
;Sxampies include the S¥4 0 early promoter, mouse mammary 
tumour virus LTR promoter, adenovirus xnajor late promoter 
(A3 MLP } r and herpes simplex virus promoter, In addition, 
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sequences derived from non-^irai genes, such as the murine 
metal iothioneih gene , also provide useful promoter 
sequences * Expression may foe either const itutive or 
regulated (inducible) < depending on the promoter can foe 
5 induced wi th glucocorticoid in hormone^resporisive cel ls * 

The presence of an enhancer element (enhancer) f combined 
with the promoter elements described abova f will usually 
increase expression levels . An aniiaric#r is a regulatory DMA 

10 seqti^nce tliat can stimulate transcription up to load-fold 
when linked to homologous or heterologous promoters^ with 
synthesis beginning at the normal KIA start site* Enhancers 
are also active when they are placed upstream or downstream 
from the transoription initiation site, in either normal or 

15 flipped orientation, or at a distance of more than 1000 
nucleotides from the promoter (Maniatis et a-2 ♦ t . Solenc®? 
.23$* 12 37 , 1987 ; Alberts et al ♦ , Molecular Biology o£ the 
Ceil, 2nd edU , 1989) . Enhancer elements derived from 
viruses may be particularly useful* because they usually 

20 have a broader host range. Examples include the 8V40 early 
gene enhancer [Dxjkema at ai * t EMBO J«, 4% 761, 1985;) and 
the enhancer /promoters derived from the long terminal repeat 
(LTE) of the Sous Sarcoma Virus- {Gorman at al * f Proa, Natl * 
M$<$+ Sol. USA* 79x 677 7, I982h) and from human 

2 5 cytomegalovirus (Boshart at al * > €021* 41 % 321, 1985} * 
Additionaily f some enhancers are regulatable and become 
active only in the presence of an inducer^ such as a hormone 
or metal ion (Sassone-Corsi aM Borelll, trends ^et ^ 2t 
2X5,, IB 86/ Maniatis et a I * , Science^ $:3'&i 1237 f 1987), 

30 

A DMA iGlacula may be expressed Intracellular ly in ma^iRaiian 
cells* h promoter sequence may he directly linked with the 
DR& molecule f in which case the first amino acid at the fl^ 
terminus of the recombinant protein will always fee a 
35 methionine f which is encoded fey the :&*£G start coion ; If 
desiree! ; :/ the N^terminus may he cleaned from the protein by 
ih. vitro incubation with cyanogen hrordda* 
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Alternatively y foreign proteins can also ba secretea fxxM 
the cell into the growth media by creating etoi .leric - D!ft 
Boleoules that encode a fusion protein comprised of a leader 
sepen^e fragment that provides for secrBtien of the foreign 
5 protein in. mammalian calls* Preferably f there are 
processing sites encoded between the leader fragment and the 
f oreign gene that can be cleaved either in vivo or in vitro* 
The leader sequence fragment usually encodes a signal 
peptide comprised of hydrophobic amino acids which direct 
the secretion of the protein from the cell * The adenovirus 
triparite leader is an example of a leader sequence that 
provides for secretion of a foreign protein in mammalian 
cells . 

15 Usually transcription termination and polyadeny lation 
sequences recognised by mammalian ceils are regulatory 
regions located 3* to the translation stop codon and thus, 
together with the promoter elements, flank the coding 
sequence, The 3 * terminus of the mature mHHA is f ormed by 

2 0 site~ specific post - transcript ionai cleavage and polya- 
denyiation {Blrnst iel et ai * t C&llj 41 1 349 , 1985; Ffou&foot 
and White! aw, ^Termination and 3 * end processing of 
eukaryotic BKA*-^ int. Transcription and SplloAnq feds* B*t>* 
H&mes and D M * Glover), 198 $ ; Fron&foot, frauds Bia&h&m\ 

25 Sci-..., 14: 105, 19S9) ♦ These sequences direct the 
transcription of an iRMA which can be translated into the 
polypeptide encoded toy the DMA* Examples of transcription 
terminator /poiyadenylat ion signals include those derived 
from SV4 0 (Samtorook at al * f ^Expression of cloned genes in 

30 cultured mammalian oells ?i ? ins Molecular Cloning t A 
L&hajr&tary Manual, 19B9) * 



Some genes may toe expressed more efficiently when introns 
(also called intervening sequences) are present* Several 
3*> dDB&& f however, have been efficiently expressed from vectors 
that £ac& splicing signals (also called splice donor and 
acceptor sites) (see ? for example, Nothing and SainhrooK, 
Matttre^ .2.83 i 620, 1931) * Introns are intervening .non coding 



segiienc^s. within a coding sagoence that contain spli ce donor 
and acceptor sites* They are removed foy a process called 
splicing, $ * following poiy&ctenyiat Ion of -the primary 
transcript- (Mevins , Ann , * Bi.aahmn ♦ , 52 1 44:1 # 1903 ; 

5 Green, Mnn * .Ji«v> c^enet v , 20 ; 67 1 > 1986 1 Fadgett at al * r Ann. 
lav* Bloohem* 55i 11.19, 1986; Krainer and Maniatls, **K!f& 
splicing**, in? Transa^iptxorx and Splicing {ads* B* D « Hamas 
and D *-St"i aiD\rer) , 1988'} , 

10 Usually, the &hove*"described components* comprising a 
proBoter r - po lyadeny lat; ion signal r and tr anser Iption 
termination sequence are pnt together into expression 
constructs x, Enhancers, introns with functional splice donor 
and acceptor sites, and leader sequences iii&y also be 

15 Included in an expression: construct^ if desired. Expression 
constructs are often maintained in a raplicon, such as an 
extrachromosomal element («u-g-» , f . plasmids) capable of stable 
maintenance In a host, such as mammalian cells or bacteria* 
Mammalian replication systems include those derived from 

20 animal viruses r which require trans-acting factors to 
replicate. For example, plasmids containing the replication 
systems of papova viruses , such as SV4 0 (Sluzman, Cell, 23 t 
17 5, 1981) or polyomavirnses , replicate to extremely high 
copy number in the presence of the appropriate viral T 

25 antigen* Additional examples of ma^alian replicons include 
thoee derived from bovine papillomavirus and Epsteln-Barr 
virus. Additionally, the repl icon may have two replication 
systems, thus allowing it to be maintained, for example f in 
mammalian cells for expression and in a prokaryotic host for 

36 cloning and amplification* Examples of such maxima lian^ 
bacteria shuttle vectors Include pMT2 (Kaufman at al * , MpI* 
Cell . Biol 9x 948 f 1989) and pHEBQ (Shimi^u at al , , Mol * 

Cell. Biol * jf : 6z 1074> 198$). 
35 The transformation procedure used defends upon the host to 

jy ..... ' V " 

be transformed, Methods for introduction of heterol^o^^ 
polynucleotides into mammalian cells are known in the art 
and Include dexferan^mediated tr&nsf act ion, calcium phosphate 
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prac ip i tati on r po. ly hr ana *ms4ia ted tran^ fecti on , pr atop la at 
f nsion> eiectroporation^ encapsulation of the 
pplymicieot:id^{s) in liposomes^ and direct: microinjection of. 
the OM1 into nuclei* 

*> 

Mammalian cell lines available as hosts f or expression are 
&ho^n in the art: and include many iiimortalised o0il lines 
available from the American Type Culture Collection (ATCC) ? 
including but; not limited to^ Chinese hamster ovary (CHO) 
10 cells t EeLa cells, baby hamster kidney (BHK) calls > monkey 
kidney cells (COS) , human hepatocellular carcinoma cells 
(a» £|« t Hep G2) r and a number of other cell lines. 



IS 

ii * Baculovlrns Systems 

The polynooleot ide encoding the protein can also be inserted 
into a suitable insect expression vector, and is operahly 
20 linked to the control elements within that vector * Vector 
construction employs techniques which are known in the art < 

General ly, the components or the expression sy stein include 
a transfer vector^ usually a bacterial plasmicl, which 

25 contains both a fragment of the foacuiovirns genome , and a 
convenient restriction site for insertion of the 
heterologous gene or genes to be expressed; a wild type 
bacnlo^irus with a sequence homologous to the haculovirus^ 
specific fragment in the transfer vector (this allows for 

3D the homologous recombination of the heterologous gene into 
the baculovirus genome) ; and appropriate insect host cells 
and growth media* 

After insertinq the DMA sequence eneodincr the protein into 
35 the transfer vector, the vector and the wild-type viral 
genome are trans footed into an inject host cell where the 
vector and viral genome are allowed to reeomhinev "The 
packaged recombinant virus is expressed and recombinant 
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plagues are identified and purified* Materials and r^thods 
for &aeu I ov.irus'/ insect call expression syateffiB are 
comm^rcialiy available in kit •£ orp fro^ f inter al.i.4 r 
invitrogen, San Diego, UfS& {**MaxBao** kit). These 

B technig^Bs are generally known to those skilled in the art 
and fully described in Summers and.. Smith r faxas Agri cul bim&I 
ExperimBnt Station Bnllmtln Jte r 2355 19 8? {hereinafter 
"Supers and Smith**} * 

10 Prior to inserting the DBA sequence encoding the protein 
into the b&euloviriis genome, the above^described components f 
comprising a promoter, leader ( if desired) * coding sequence 
of Interest: t and transor iptlon termination sequence, are 
usua 1 1 v a ssemfo led 1 n t o a n 1 niter med i ate trahsplac amen t 
construct (transfer vector). This construct may contain a 
single gene and opera bly linked regulatory elements; 
multiple genes^ each with its owned set of operahly linked 
regulatory elements; or multiple genes ? regulated by the 
same set of regulatorv elements* Intermediate 

20 tr an sp la cement constructs are often maintained in a 
replicon r such as an extraehromosom&l element (e>g* p 
plasmids) capable of stable maintenance in a host, such aa 
a bacterium* The replieoh will have a replication system, 
thus allowing it to foe maintained in a suitable host for 

25 cloning and amplif ication:. 

Currently, the most commonly used transfer vector for 
introducing f oreign genes into AqMFV is p&e373 * Many other 
vectors, known to those of skill in the art, have also been 
30 designed. These include, for example, pVL98S (which alters 
tbe poiyhedrin start cod on from AtTG to ATT, and ^hieh 
introduces a BaiHI eloning site 32 hasepairs downstream from 
the ATT; see Luekov and Summers, Virology? 17 t 31, 198 t) ♦ 

'35 Tbe plasmid usually also contains the poiyhe&rin 
poiy&denylation signal (Miller et all ,. f Ann* M&v* M£ajrob£ol ^ 
42 1 177 , 1988} and a prokaryot ic ampicil lin-resistance ( amp) 
gene and origin of replication for selection and propagation 
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in Bsoh&rxahia coll* 

Bacuiovirus transfer yactors usually contain a baculovirua 
promoter > & bacuiovirus promoter ia any 'SNA se^ence 
5 capable of binding a fo&eulaviras polymerase and 

initiating the downstream (B* to 3'} transcription of a 
coding sepenoa (e*9* structural gene) into mRMA* A 
promoter will have a transcription initiation region which 
is usual ly placed proximal to the § * end of the coding 

10 sequence* l^is transcription initiation region usually 
includes an EM A polymerase binding site and a transcription 
initiation site* A haculo virus transfer vector may also 
have a second domain called an enhancer, which* if present , 
is usually distal to the structural gene* Expression may he 

■1:5 either regelated or constitutive* 

Structural genes f abundantly transcribed at late times in a 
viral Infection cycle < provide particularly useful promoter 
sequences. Examples include sequences derived from the gene 
2 0 encoding the viral polyhedron protein (Frlesen et al > f J5 The 
Regulation of B&caloviros Gene Expression's in: The 
Molecular Biology dif Baculo^iruse^ (ed> Walter Boerf let) ? 
1986; and BPO &abl-~ Hos, 127 B 39. and 155 476) and the gene 
encoding the pi 0 protein (¥Xak et al * , « Virol*, 09$ 

DMA encoding suitable signal sequences can foe derived from 
genes • for secreted insect or bacuiovirus proteins , such as 
the bacuiovirus poiyhedrin gene (Carhosiell et ai . ? Gen®, 73 1 

30 409, If SB) * Alternatively^ since tim signals for maraalian 
cell posttranslatienai modifications (such as signal peptide 
cleavage, proteolytic cleavage , and phosphorylation) appear 
to be recognized by inseot cells, and the signals required 
for secretion and nuclear accumulation also appear to he 

35 conserved between the invertebrate ceils and vertebrate 
cells , leaders of non- insect origin ^ such as those derived 
f rom genes encoding human a -inter f ar on (Maeda et al > < 
fatyra, 3l$z 592, 1985} f human gastr in-releasing peptide 
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(I^ebacq^¥erheydan et al * , Mol . Cell , BioX»* S : 3120 , X9B8J , 
human -11*^.2 rf Smith et a.2 * f Proe, A T a £1 » j&radf * Sci . U§&, B£ i 
84 04 f * moiise IL— 3 CMiyajiiaa et al * y (^ene^ 58 s 273 * 

1987) and homan glncocerebrosi<3ase {Martin at al * f 0MA^ -7t 
5 3 9, 1988) f can also be used to provide for secretion in 
insects > 

& recombinant polypeptide or poiyprotein may foe expressed 
intracellular ly or> if it: is expressad with the proper 

10 regulatory sequences, it can be sacra ted. Good 
intr aoel I u Xar express ion of n on fused f a r e i go pr ot ains 
usually requires heterologous gen&s that ideally have a 
short leader sequence containing suitable translation 
initiation signals preceding an ATQ start signal* If 

IS desired, methionine at the M~terminus may toe cleaved from 
the mature protein by in vitro incubation with cyanogen 
bromide * 

Alternatively, recombinant poiyproteins or proteins which 
20 are not naturally secreted can be secreted from the insect 
cell toy creatines chimeric DMA molecules that encode a fusion 
protein comprised of a leader sequence fragment that 
provides for secretion- °t the foreign protein in insects* 
The leader sequence fragment usually encodes a signal 
25 peptide comprised of hydrophobic amino acids which direct 
the translocation of the protein into the endoplasmic 
reticulum » 

After insertion of the xm& sequence and/ or the gene encoding; 

3 0 the expression product precursor of the protein, an insect 
cell host is co^transf onned with the heterologous DMA of the 
transfer sector and the genomic 0N& of wild-type teaculovirus 
w usnalXy by co^ trans faction* The promoter and 

transcription termination sequence of the construct will 

35 usually comprise a 2~Bk : fo section of the toaoulovirus genome. 
Methods for introducing heterologous XMh into the desired 
site in the bacuiovirus virus are known in the art (see 
S»ers and Smithy supra; Smith et al * , Mol « Cell, Biol ^ 3; 
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3X56^ 1983? and JMckxm ana summers, mipx?M) * For example; 
the insertion can be into a gene such as the polyhedrin 
gene^ fey homologous double crossover recombination $ 
insertion can also be into a restriction enzyme site 
B engineered into the desired baculomr us gene (Miller at al * .>■■ 
Bipe.^ays>. 4 s &± , 1989 } * f &e SUA seguance f when closed in 
place of the polyhedrin gene in the expression veotor ? t» 
flanked both S * and 3 1 by polyhedrin^speoi f ic sequences and 
is positioned do^nstreai of the polyhedrin promoter* 

The newly formed haoulovirus expression vector is 
subsequent; iy packaged into an infectious recombinant 
hacuiovirus * HDmoiogous recombination occurs at low 
frequency ( between about 1% and about 5%) ; thus s the 

IS majority bS the virus produced after cd-transf ectibn is 
still wild-type virus* Therefore, a method is necessary to 
identify recombinant: viruses. Jta advantage of the 
expression system is a visual screen allowinq recombinant 
viruses to be distinguished* The polyhedr in protein > which 

20 is produced by the native virus * is produced at very high 
levels in the nuclei of infected ceils at late times after 
viral inf ection * Accumulated polyhedr in protein f orms 
occlusion bodies that also contain embedded particles. 
These occlusion bodies, up to IS jim in si bo f are highly 

2 5 refract ile< giving them a bright shiny appearance that is 
readily visualised under the light microscope. Calls 
infected with recombinant viruses lack occlusion bodies* To 
distinguish recombinant virus from wiid-type virus, the 
transfeation supernatant is plaqued onto a monolayer of 

30 insect cells by techniques known to those skilled in the 
art. Namely # the plaques are screened under the light 
microscope for the presence (indicative of wild^type virus) 
or absence {indicative of recombinant virus) of occlusion 
bodies f&nsufael et al , f eds* > * Current Protocols in 

35 Mi crobiolqgj **. f Vol. Z at ±6*8 fSupp,. 10} f 1990$ Summers and 
Smith, sxipra.j Miller at al * ^ supra) > 

Recombinant toacu lo virus exor e s s ion vc ctors have been 

. . - . ^ . - . .... ... 



2-*y 

developed for infection into several Insect cells* P$r 
example recombinant baculovlruses have been developed for ; 
inter alia, aegypti, Mitographa a^litorni€a :i Bom&yx 

morif Drosophll^ m&l&nogmst&Tf SpadoptBra frnglp&rda t and 
5 iPx-icliopl a^ia n± (PCT Pub, Mo. WO 89/046699; Carbonell et 
&1 + , 3+ Virol.*, 56 1 153 , Xf 8:S; Wright, patera, 322 i 7 18 , 
198 6; 0^1 til et al v Mo! * Call * Biol * :y 3 s 2158 r 1983 ; and sea 
generally., Fraser, et al * ,. In Vitro €mll* D&v * Biol*,, 25? 
225, 1989} , 

10 

Cells and cell cultixra i^dia ara ^orercxally available for 
both direct: and fusion expression of heterologous 
po 1 y pep t ides in a h& cui o v i r u & / e^p r e s s i on sy st em ; eel X. 
culture technology is generally known to those skilled in 
15 the art (sae ? e>gy. Simmers and Smithy suprn) * 

The modified insect ceils may then foe grown in an 
appropriate nutrient medium, whicb allocs for stable 
maintenance of the plasmid(s) present in the modified insect 

20 host, Miere the expression product, gene is under Inducible 
control f the host may be grown to high density , and 
express ion induced v &lt er nat i vel y r where expr ess ion is 
constitutive, the product will tee continuously expressed 
Into the medium and the nutrient medium must foe continuously 

25 circulated ?■ while removing the product of interest: and 
augmenting depleted nutrients ♦ The product may foe purified 
by such techniques as chromatography f e<g* r HPI^C, af f inity 
chromatography > Ion exchange chromatography^ etc ; 
electrophoresis ; density gradient centr if ugation ; solvent 

3D extraction f or the like. As appropriate, the product may foe 
further purified, as required, so as to remove substantially 
any insect proteins which are also secreted in the medium or 
result frcm lysis of insect cells, so as to provide a 
product ^hloh is at least substantially free of host debris ( 

3 5 e * g f proteins , lipids and polysaccharides* 

In order to obtain oroteln aaresslon, recombinant host 
cells derived from the transformants are incufoated under 
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conditiDn^ which allow e^pressipn of tfee recombinant proteih 
encoding sequence. These conditions will vary,, dependent 
upon the host: call selected* However, the conditions are 
readily asoertainafoie to those of ordinary skill in the art, 
B based -upon what is known in the art , 

i ii v Ba c t er i a 1 : Sy s jbem s 

10 Bacterial expression techniques are known in the art* h 
bacterial promoter is any DMA sequence capable of binding 
bacterial KH& polymara&e arid initiating the downstream (3"> 
transcription of a coding sequence (e<g» structural gene) 
into iPA, A promoter will have a transcription initiation 

15 region which, is usual ly placed proximal to -the S ' enqi of the 
coding sequence * This transcr ipt ion initiat i on r egion 
usually includes an polymerase binding site and a 

transcription initiation site * A bacterial promoter may 
also ha^e a second domain called an operator ^ that may 

20 overlap an adjacent BMA polymerase binding ^ite at which A 
synthesis begins, The operator permits negative regulated 
(inducible) transcription, as a gene repressor protein may 
bind the operator and thereby inhibit transcription of a 
specific gene> Constitutive expression may occur in the 

25 absence of negative regulatory elements, such as the 
operator. In addition^ positive regulation Bay be achieved 
by a gene activator protein binding sequence f i^hiob f if 
present is usually proximal to the RK& polymerase 

binding sequence,* &n example of a gene activator protein is 

30 the cataboiita activator protein {CAP) , which helps initiate 
transcription of the lac operou in B» coli (BaibausI et ai * ? 
Ann . i?^y> Sm&&'£- + , 1s t .173 f 1984} * Regulated expression may 
therefore fee either positive or negative, thereby eitber 
enhancing or reducing transcription* 

3 i 1 

Sequences encod ing metabol i c pathway engymes provide 
particularly useful promoter sequences. Examples include 
promoter sequences derived from sugar metabolizing enzymes f 
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sucli as galactose , lactose (lac) (Chang at: al, f M^turm* IIS: 
10S6> 197 7} , and maltose* .Additional- examples incite 
promoter sequences der ived f ro^ such as 

triptophan (trp) ( aoedde 1 ©£ * y Nuo Aozcl& £?&s * A a ? ? 
5 1980; ^elverton at a] , f N^c. AaMs Has;,^ ?t 731, 1&81; U.S. 
latent Ho, 4,738,921; and EPD Pub I. * Mos* 03 6 776 and 121 
775) * The g~ lactamase promoter system (Waissmann ? 

**The cloning of interferon and other mistakes'*, Lm 
XntBr^&rofx 3 (ed* X> Gresser) ? 1981) , and bacteriophage 
10 lambda PI* (Shima take efe al Vf Natur^m, 2 $3 % 128 r l$8i> and f 5 
(UlS* Patent No* 4,6S9 f 406} promoter systems also provide 
useful promoter s eque nc e s * 

in addition ,.. synthetic promoters which do not occur in 
IS nature also function as teacterial promoters* For example, 
transcription activation seauence^ of one bacterial or 
bacteriophage promoter may foe joined with the operon 
sequences of another bacterial or feaoter i ppkage. promoter , 
creating a synthetic hybrid promoter (W+S* Patent 
20 Ho, 4/551,433)* For example, the tac promoter is a hybrid 
trp^lmc promoter comprised of both trp promoter and lac 
operon sequences that is regulated by the lac repressor 
(Amann et ai \ # tea, ZS t 167, 198 3 ; de Boer et al * f Proe*. 
Natl, Acad* Sol, US&s 80 1 21, 1983} > Furthermore , a 

2 5 bacterial promoter can 'include naturaily oceurring promoters 

of non- ha cter ia 1 origin that have the ability to bind 
bacterial RNA polymerase and initiate transcription* A 
natural ly occurring promoter of non-bacterial origin can 
also be coupled with a compatible RMA polymerase to produce 

3 0 high levels of expression of some genes in prokaryotes* The 

bacteriophage T7 po 1 pierce/ promote system is an 

example of a coupled promoter system f Studier et al * , J- 4 
Mai * Biol +s 189 i 113, 1986; Tabor at a 2 * , Proc* N&tl * Acad. 
Sex. US&f. 82 1 107 4, 1985) In addition , a hybrid promoter 
can also he comprised of a bacteriophage promoter and an 
i operator region ( EFO Pishi > Mo , 2 6? 851} ♦ 



Id addition to a funet toning promoter sequence, ah efficient 
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ribosome binding site is also tiseful for the expression of 
fbredgn ganas ; in prokary^es, In E + call, the ribosome 
binding site is called the Shine-Dalgarno (SD) sequence and 
includes an initiation codon (ATG) and a seguanoe 3-9 
■ 5 nyoiaofeideB in length located 3-1 i nucleotides upstream of 
the initiation codon (Shine et at < < '#ahurm r 254 t 34, 1975}* 
The SD sequence is thought to promote binding of mm& to ttea 
ritoospme by the pairing of bases between the SB aequence and 
the 3* and of E, ooli IMS r« (Steitz et -al *S*»«*tic 

1:0 signals and nucleotide sequences in messenger # in* 

Sidlogicai B&g^l&tiozi B^vel opm&Mt > Gene Expr&sBjion (e&« 
H*F * aoldfcerger) ¥ 1979) * To express eukaryo.t.io genes and 
prokaryotiq genes -with wealc ribosome-feinding site (samferook 
b± ml* j ¥? E^pression of cloned genes in .^sc&erl-cfti'a cplil* , 

IS in; Molecular Claningt A Laboratory Manual ? 1989 V * 

A PISA., molecule may fee expressed intracellular ly * A promoter 
sequence may foe directly linked with the DMA molecule > in 
which oase the first amino acid at the M-terminus vill 

20 always fee a methionine, which encoded by the A'm start 
eodon> If desired > methionine, at the M-terminus may he 
cleaved fvom the protein fey in vitro inaubation with 
cyanogen bromide or toy either in vitm on in vitro incubation 
with a bacterial methionine M~t:erminai peptidase (EPO Publ , 

25 Mo< 219 2371 . 



Fusion proteins provide an alternative to direct expression. 
Usually, a DM sequence encoding the ^-terminal portion of 
an endogenous bacterial protein, or other stable protein, is 

3D fused to the B? end of heteralogoisB codinf secfaenaes. Upon 
expression, this construct will provide a fusion of the two 
amino aoid seguenoes. For example, the bacteriophage lambda 
ceil gene can be linked at the 5* terminals of a foreign gene 
and expressed tn bacteria. The resulting; fusion protein 

35 prof erafoly retains a site for a processing enzyme (factor 
S£a) to cleave the bacteriophage protein from the foreign 
gene (Haga 1 at ai . , nature, 309 i sis, 1984) . Fusion 
proteins can also foe made -with- sequences from the i&cz fJia 
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f t al. + * Gen®, 0Qz 197, X9S?) , fcrpE (Allen at al * f . 
BiotBahnol < ? 5 s 93, 1987 ; Ma&otf at al > , 3 \ > MicroMol *^ 
23 S 5 XI, 1989} ■, and Ciiey (EPO PUbl* No. 324 6 47} genes. The 
QH& sapance at the Junction of the two amino acid stguencas 

5 may or may not encode a olea^ablo site* Another example is 
a ufeiquitin fusion protein* Such a fusion protein is made 
with the uBiquitin region that preferably retains a site for 
a processing enzyme fa * g* ubiquitin specific processing— 
protease) to cleave the ub iguit in from the foreign protein* 

0 Through this method native foreign protein can be isolated 
(Miller et al * } Bio/Techn&lociY 7 s 898 , 1939) . 

Alternatively f foreign proteins can also he secreted from 
the cell by creating chimeric. DNA molecules that encode a 

5 fusion protein comprised of a signal peptide sequence 
fragment that provides for secretion of the foreign protein 
in bacteria {0*8, Patent Mo, 4 f 3 36 ? 336} * The signal 
sequence fragment usually encodes a signal peptide comprised 
of hydrophobic aipino acids which direct the secretion of the 

o protein from the ceil A The protein is either secreted into 
the growth media (gram^positive bacteria) or into the 
periplasmic space < located between the inner and outer 
laifcrane of the cell (gram-hegative bacteria) < Preferably 
there are processing sites, which can he eleaved either in 

5 vivo or in vitro encoded between the signal peptide fragment 
and the foreign gene* 

DN& encoding suitable signal sequences can be derived from 
genes for secreted bacterial proteins, such as the J£* Coll 

0 outer membrane protein gene (ompA) (Masui et al * t ins 
E^p^rimBntal Manipulatlaxi of Gen® depressions 1383 f Shrayeb: 
et al* f EMBO 3% 2437, 1984) and the aoli alkaline 

phosphatase signal sequence (phoA) (Oka at al > f . Proa. MatjE * 
Acad. Sex < CJSA^ 82 1 7212 , 1085} > Ss an additional example, 

5 the s ignal sequence of the a l.ph.a~ amy la se gene f rosK var ious 
Bacillus strains can be used to secrete heterologous 
proteins from B* sub tills (Falva et al * ? Proe. Nmtl * Acad* 

Scl. USA f 79% 5582, 1982; EFO Putol . Mo> 244 042) > 



wo mmtm 



wcrf/immmmm 



Usually r , transcript: ion termination sequences recognized by. 
bacteria are regulatory regions located 3* to the 
translation stop codon, and thus together with t-fte promoter 
5 flank the coding sequence* These segueneea direct the 
transcription of an which can be translated into the 

polypeptide encoded by the DMA > Transcription termination 
saqueneas frequently include DBA sequences of about 50 
nucleotides capable of forming stem loop structures that aid 
10 in tar mi n&t i ng trans cr i p t i on * Bxamp 1 es i no 1 Me 

transcription termination sequences derived from genes with 
strong promoters , such as the trp gene in E* coli as. well as 
other biosyhthetie genes* 

Usually, the abofe described components., coMprising a 
prompter, signal sequehce (if desired} r coding sequence of 
interest and transcription termination seguenee, are put 
together into expression constructs * Expression constructs 
are often maintained in a replicon, such as an 
extrachroiQsomal element (e.g., plasmids) capable of stable 
maintenance in a host, such as bacteria, The rep 11 con will 
have a replication system* thus allowing it to be maintained 
in a profearyotic host either tor expression or for cloning 
and amplification. In addition, a replioon may be either a 
high or low copy number plasmids A high copy number plasmid 
will generally have a copy mimher ranging from about 5 to 
about 200, and usually about to to about 150, A host 
containing a high copy number plasmid will preferably 
contain at least about. 10 > and more preferably at least 
about 20 plaamidSx Either a high or low copy number vector 
may fee selected, depending upon the effect of the vector and: 
the foreign protein on the host. 

Alternatively, the expression constructs can be integrated 
35 into the bacterial genome with an integrating vector. 
Integrating vectors usually contain at least one saauenee 
homologous to the bacterial chromosome that allows the 
vector to integrate *■ Integrations appear to result from 
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recombinations between homologous DNA in the vector and t36e 
bacteria I chromosome . For example integr ating vectors 
coMtrucfeed with BHA from various Bacillus strains integrate 

... ... ... ... ... ... 

into the Bacillus chromosome (EPO Pufol. No. 127 328), 




Usually extr acshromosoma 1 and integrating expression 
constructs may contain selectable markers to allow for the 

1.0 selection of bacterial strains that hava feaen t rans formed. ♦ 
Selectable markers can be expressed in the bacterial host 
and may include genes which render bacteria resistant to 
drugs such as ampicillin^ chloramphenicol ? erythro^yoin^ 
kanarayoin (neomycin) , and tetracycline (Da vies at al * P Am*, 

IB MiaroMol ,- r 32 : 46p^ 1978) ..• Selectable markers may 

also include bioBynthetic genes, such as those in the 
histidine, tryptophan and leiseine feiosyntbetio pathways, 

Alternatively^ some of the above described components can be 
20 put together in transformation vaotorB, Transformation 
vectors are usually comprised of a. selectable marker that 1b 
either maintained, in a repiicon or developed into an 
integrating vector, as deseribed above, 

35 Expression and transformation vectors, either extra:** 
chromosomal replicons or integrating vectors , have been 
developed for transformation into many bacteria. For 

... .... ... . . ■ . ... 

example , expression vectors have been developed for* inter 
alia , tbe f ollowing h&oteria: B. suhtllis (Palva at ai ♦ , 
3 0 Proa. M&tl. Aoad. Sal, USA, 79 z S3B2, 1982; EP0 Pufol , MOB . 
03 6 3S9 and 063 0 53; PCT Pufol , No , WO 84 / 04541) , J?-* apli 
fShimataka et al, f . lature, 2.92 i 128, 1981; Amahn et al ... , 
Gene^ 40 1 133, 198 StBdier et al , t :JV Hal,. Biol ,, 189 1 
113, 1986; EPO Pubi. Nos<. 03 6 77 6, 136 829 and 136 907) , 

35 ^tre^feococoLi^ orator is (Powell et al . , Appl « Ezwlrcm * 
Mlvropial S4t. €S3 r 1.988} .; Strepfeoowcus llyidmxs {Powell 
at al , , Appl > Envi ron , MicroMol , , 54 1 655 , 19BB) , ana 
&±r&pt:omyo&® livldans (11, Patent No. 4/745,056} , 
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Methods of introducing exogenous DMA into bacterial hosts 
are well-known In the art: f and usually include either the 
transformation of bacteria treated with CaCl^ or a&mt 
5 agents i such as divalent cations and DMSO* I3B&. can also Be 

a 1 ! . * * * v , ' ..... .... .... ... 

introduced into bacterial cells elecfcr operation * 

Transformation procedures usually vary with the bacterial 
spec i es to be transf ormed (see , e*sf*.- r Masson a t al * , FE$$$ 
Mxarobxol, £ett «>• &9» 3?3 * 1989; Faiva at ? Proc, Mmtl + 

ID Aoa<i* Scl * 79 1 5582, 1903 ? BFO ptabl * Hos * 03 € 259 and 

063 953; POT Fubl* Mo , WO S4/04541 [Bacillus] , Miller at 
al * ? Proe* Ma±I> ^oad* Sal, USA? Bt 3S6 ? If 8 a? Wang et a JU , 
J > Bactarlol^ y I?Jt 949, 1090 f Ca^p^lol?acte.r 1 , CoMen et al * 
Proc* Natl . Acad * Sex > 69 1 2110 , 197 3; Dower et al * , 

15 A T ye* MaicSs Mms * y 1€ : 612? ? 198 8; Kushner ^ **An improved 
method for transformation of ^c^ericiiia coll with OolBl— 
derived plasmids** im <?enetie MngxnBmT.lngx Prnc&&dxngM of 
the Xntern&txon&l Symposium on Qmmt.xa Eng±n&&x£ng (eds* 
H*W < Boyar and E * Hiaosia) f 1978; Handel efc al > > J * Mol> 

20 -Biol'-*.* S3 % 1S9 , ; Taketo ? Biocftim* Biopliys * Act&-, 949 $ 

318 , 19 aa f l^cfiericfeia i f Chassv et ai , f FMiS Mx oz^o frial * 
Bett*^ 44: 173 , 1987 [ iia^o^-c^ll'U-^.J , Fiedler et al, r Anal* 
Moc&em, : 38, 1988 [.Paeatoonas] : , August! n et al . FEMB 
Microbiol* £ett * , 66"? 203 , 1990 [^tapfejsiocp.cfcu^j / Barany et 

25 al, y vJ. Bacteriol , ^ 144 j 698, 1980; Ear lander, 
^Transformation of Streptococci?^ X act is fey e 1 eqt roporafci on fJ , 
Ins Streptococcal (Zmietlcs (eci/ J y Ferret ti and JR* Curtiss 
III), mnit Perry et al w Infec, Ibwh,, .32;:: 1295, 19SX; 
Powell or al * t . %lf>i. * ia^irojo , Mxcrobiol * 54 i 65 8> 1988 ; 

.30 Somteuti et al > , fedc. 4th .Eur * Con®-* BiotBchnoloav, 2 % 412, 

..... w " * 

1987 [Strepl:D0OCCUs ] ) r 
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Yeast expression systems are 
skill in the art* A veast 
capable of bidding yeast HHA 



also known to one of ordinary 
promoter is any DMA sequence 
polymerase and initiating the 
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d&wnstreasa C 3 * ) transcription of a coding sequence fWg, 
structural gene) into mRHA * A promoter will have a 
transcription initiation region which is usually placed 
proxima l to the 5* end of the cod i ng sequence * This 
5 transcription initiation region /usually Includes an 

polYBerase binding sita (the n TATA Box** J and a transcription 
initiation site. A yeast promoter may ilso have a second 
domain called an upstream, activator sequence (U&S) f which, 
i£ present^ is usually distal to the structural gene. fti 
10 0&S permits regulated ( inducible } expression. Constitutive 
expression oecnrs in the absence of a HAS * Regulated 
expression may foe either positive or negative* thereby 
either enhancing or reducing transcription. 

15 Yeast is a fermenting organism with an active metabolic 
pathway*; therefore sequences encoding enzymes in the 
met abo lie pathway pr o v ide part id ularly usefu 1 pr omot er 
sequences. Examples include aleohoX dehydrogenase (MM) 
(EFO Publ* Ho., 284 044) , enolasa, giuooleinase, giuooae-6- 

20 phospha te i somer a se , g iy ce r a ldehy de ~ 3 -phospha te- 
dehydrogenase (GXP or GIFDH) , hexoicinase f 
phosphof ructokioase, 3^phd^ and pyruvate 

kinase {FyK} (IPO PubL Hq. 3 39 203) . The yeast PHQ5 gene, 
encoding acid phosphatase, also provides useful promoter 

25 sequences (Myanohara et; ai . f Broc + Natl . Acnd* Sal , USA, 
BO l 1, 1983) * 

In add it ion f synthetic promoters ^hieh do not occur in 
nature also tunotion as yeast promoters. For example, UAS 

3 0 sequences of one yeast promoter may foe joined with the 
transcription activation region of another yeast promoter*, 
creating a synthetic hybrid promoter. Examples of such 
hybrid promoters include the MM regulatory sequence linked 
to the GAP transcription activation region fOiS* Patent Kos, 

3 5 4 * 876 ,197 and 4 ,880, 734) * Other examples of hybrid 

promoter a include promoters vhieii consist of the regulatory 
sequences of either the ADH2 , miA ? GALIG , or PHO§ genes , 
combined with the transcriptional activation region of a 
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glycolytic enzyme gene such as GAP or PyK (EPO Pufel; Hp,.. 164 
556) , Furthermore r a yeast promoter, can include naturally 
: occurring promoters of non-yeast origin that hav.e the 
ability to bind yeast BBJv polymerase and initiate 
5 transcription > Examples of such promoters include, ijifceir 
alia, Cohen at ai M Proa * Matin Ac&<3- « Sox USA./- 77 % X078, 
1900; Henikoff et ai,^ Natui?®* 83S> 19 SI ; Bolienfoerg 
et al * , CTrx * Topics MxcrQ&iol* Jmniun&l + # 96 i 119 f 19 SI; 
Hoilenbarg at al , ? **The Expression of Bacterial Antibiotic 
10 Resistance Genes in the Yeast S&cch&romYC&& car^Vigiae w ; in? 
Pl&smi&s of Medical, Environmental and eomm&rai&l lmp&Tt:ema® 
(eds, K>K- Tiws; and & , Puhler ) , 1979; :Marcerau-Puigalo.n ^.t 
al * f &mm s * li t ±63, 1980; Fanthier at al * , ? Curr < Genet , ^ 2 s 
109, 1980. 

A DH& molecule may be expressed, in&race 1. Xui ar-Xy in yeast* 
■A promoter sequence may he directly linked with the &UK 
moleouie r In which case the first amino acid at the M~ 
terminus of the recombinant protein will always be a 
20 methionine, which is encoded iw the ATG start codon. If 
desired, methionine at the M™te»inus may be cleaved froxK 
the protein by in vitro incubation with cyanogen bromide* 



25 Fusion proteins provide an alternative for yeast expression 
systems^ as well as in mammalian , baoulovirus, and toaoteriai 
expression systems. Usual iy> a DM sequence encoding the H~ 
terminal portion of ah endogenous yeast protein f or other 
stable protein^ is f\is&d to the 3 1 end of heterologous 

3D coding sequences* Upon expression^ this construct will 
provide a fusion of the two amino acid sequences* For 
example f the yeast or human OTperoxi^e Sxaiitaae (BOD l gene, 
can be linked at the 5* terminus of a foreign gene and 
expressed in yeast . The OMA sequence at the junction of the 

35 two amino acid sequences may or may not encode a cleavable 
site (see , e.g«, EFQ Pufelv Ho* 196 056) * Another example is 
a ubiquitin fusion protein. Such a fusion protein is made 
with the uhiquitin region that preferably retains a site for 
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a processing enzyme (a * g * abiquifein-^peoif lo procassihg 
protease} to cleave the utoiquitih from the foreign protein* 
Through this method. < therefore, native foreign protein can 
foe Isolated (see, e>g>, POT FUbi* No. WD 88/024 066). 

5. 

Alternatively^ foreign proteins can also foe secreted from 
the ceil into the growth media fey creating chimeric DMA 
molecules that encode a fusion protelsi comprised of a leader 
sequence f rapsent that provide for secretion in yeast of the 

10 foreign protein, Preferably^ there are processing sites 
encoded between the leader fragment and the foreign gene 
that can be cleaved either in vi vo or in vi tro ♦ The leader 
sequence fragment usually encodes a signal peptide comprised 
of. hydrophobic amino acids which direct the secretion of the 

15 protein from the cell* 

PM& encoding suitable signal sequences can be derived from 
genes for secreted yeast proteins, such as the yeast 
invertase gene (EPO Whl> Mo. 012 873; JPO Publ ♦ No, 
20 62 1 096, 086) and the A-f actor gene (U«.S,, Patent Ho, 
A t 388 ,684 } * Alternatively , leaders of non-yeast origin ,. 
such as an interferon leader, exist that also provide for 
separation in yeast (EPO Publ Mo, 060 057} * 

2 5 A preferred class of secretion leaders are those that employ 
a fragment of the yeast alpha^ factor gene, which contains 
both a **pre*' signal sequence, and a **pro<* region. The types 
of alpha-factor fragments that can be employed include the 
full-length pre -pro. alpha factor leader (about 83 amino acid 

30 residues) as well as truncated alpha-factor leaders ■{ usually 
abatit 2 5 to about 50 amino acM residues) ftJ;S> Patent Bos, 
4,546,083 and 4,870,008; EPO Publ* Ho. 324 274} * Additional 
leaders employing an alpha-factor leader fragment that 
pro v ides for secretion include hybrid alpha- factor leaders 

3.5 made with a presequenoe of a first yeast, hut a pro-region 
f rom a second yeast alpha ™f actor * (See , a>g< . , POT Publ * Ho* 
m 89/02463} . 
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Usually* transcription termination sequences recognised fay 
yeast are regulatory regions located- 3 * to the translation 
stop codoii, and thus together with tfee proiot^r f lank the 
coding sequence* These sequences direct the transcription 
•5 of an iMA which can fee translated into the polypeptide 
encoded fey the DMA. Examples of transcription terminator 
sequence and other yeast-recognised termination seguencas, 
such as those coding for glycolytic enzymes, ara well Jcnown* 

10 Usually f the above described component a, comprising a 
promoter, leader ( if desired} >■ coding sequence of interest .> 
and transcription termination sequence, are put together 
into expression constructs. Expression constructs are often 
maintained in a replieon, such as an extr&ehromasomai 

IS element {e v g y? pl&smids) capable of stable maintenance in a 
host, such as yeast or bacteria* The rep 11 con may have two 
replication systems * thus allowing it to be maintained^ for 
example, in yeast for expression and in a pickery otic host 
for cloning and amplification. Examples of such yeast- 

20 bacteria shuttle vectors include YEp24 (Botsteln* et al » , 
mm, 8% 17-24 , 1979 ) , pCl/1 {Brake , ®t &1 * , Proe. 'ftatl * 
Acad, Sex. US& f Sis 4 1984 } , and ¥Hpl? (Stinchocmb, 

efc al», j\ Mol. Biol ., is&s 157, 1982). In addition, a 
replioon may fee either a high or low copy number plasmid* 

25 A high copy number plasmid will generally have a copy number 
ranging from about 5 to, about 2 SO , :; and usually about 10 to 
about 150 v & host containing a high copy number plasmid 
will preferably have at least about 10> and more preferably 
at least about 20* Either a hiqb or low copy number vector 

30 may foe selected, depending upon the effect of the vector and 
the foreign protein on the host (see, e*g* r Brake at all, 
supra) + 

Alternatively^ the expression constructs can fee integrated 
35 into the yeast genome with an integrating vector * 
Integrating vectors usually contain at least one sequence 
homologous to a yeast chrorioso^e that allows the vector to 
integrate, and preferably contain two homologous sequences 
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flanking the expression construct* Integrations appear €.0 
result from recomfoi nations between homologous DMA in the 
vector and the yeast chromosome { Or r -Weaker ei al>, Methods 
in Engymol* s 101 1 228^245 ? 1983 J .» An integrating vector may 
5 be d 1 reated to a specific locus in yeast by selecting tie 
appropriate homologous sequence for inclusion in vector 
(see Or r -"Weaver at a I * , supra >» One or more expression 
constructs may integrate, possibly affecting levels of 
recombinant protein produced (Rine et Ml * , f . Broc> Brntl « Aca<? ♦ 

10 Sci v IISA, 80 z 67 50 , 1983 ) > The chromosomal sequences 
included in the vector can occur eitfier as a single segment 
in the vector f which results in the integration of the 
entire vector., or two segments homologous to a a i a cent 
segments in the chromosome and flanking the expression 

15 construct in the vector f which can result in the stable 
integration of only the expression construct.* 

Usually y extrachromosemal end integrating expression 
constructs may contain selectable markers to allow for the 
selection of yeast strains that have been transformed. 
Selectable markers may include jb.i osynth efei c genes that can 
fee expressed in the yeast host, such as APE 2 , HXS4 > bSTSU. 
3H£l y and -MML:t and the £418 resistance gehe f which confer 
resistance in. yeast cells to tunic&mycin and G4 18 t 
espeotlveiy* In addition,: a suitable selectable marker may 
Iso provide yeast with the ability to grow In the presence 
of toxic compounds, such as metal. For example, the 
presence of CUP1 allows yeast to grow In the presence of 
copper ions {Butt et al * , Microbiol* Mv%, 32 1 3 51, 198?) . 

3 0 

Alternatively, some of the above described components can foe 
put together into transformation vectors* Transformation 
vectors are usually comprised of a select able marker that is 
either maintained in a replicon or developed into an 
35 integrating vector, as described above. 
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Expression ana transformation vectors , either 
extrachromosomal repl icons or integrating vectors, have been 
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developed for transformation into many yeasts* For example, 
expression vectors have bean developed for, inter alia, the 
following $®&&t&i Candida nlhlomn® (Kurt^ at al , , Mol • C& M ♦ 
Biol * „ & : 142, 198 6 ) , :£&&d'ie?a maltose (Kun^e et al * ? j% 
5 Ba^ie ^Xcroi?ip2 *. 25 ? 141, 198 5) , B^n^eaula polymorphs 
(Qlae^on at al,, J * cSeis * Mioro&Iol 232; MS 3., 1986; 
Roggenkamp et ai. * : , Mol * £0n* <^et,y. 202 s 302 , 198 6 ) , 
Xliiyv^ro^yaea fragxlis (Das et al v , # . Bactarioi V/ 15S ? 
1165 , 1984 } , ^Zi^yFero^yoa^ laetis (Be Lowani^ourt efc al** a * 

10 Bacteriol 154 1 737, 1983; Vari den Berg at al , , 
Bio/mahnology^ Sr 13 5, 1990) , Picliia gtiilieriio^^ii {Kunsse 
at al v> , *T , Basie MicroMol 25 -j 141, 1985) , Piahla pmBtoris 
(Cregg ^t al* # Mol. cell, Biol., s* 33 76, 1985? XI. S. Patent 
Hos* 4,837,148 and 4 ^^29 ,555) Saccftaro^ycas cere^isiae 

IS (Hijman at al , 7 Proc* N&tl * Acad, Sax * USA, 75 $ 1929, 1973; 
I to et al , J. Bacteriol , , 153 5 163, 1983), 
SaMzoB^a^har amyous {tomb® (B&aah and K«r«d, Natum* 300 i 
706 , 1981} , and yarrowia Ixjx^lyti^a. (Davidow et al . r £nrr 
mmt.f. 10 1 as, 1S85? Gaillarain at al., Ciirr. Genets id; 

20 49, 1985) * 



Methods of in-troaucing exogenous DHA into yeast hosts are 
well-knowB in the art, and .usually" include either the 
t r an s t ar mat I on of sph a r op 1 a s t s or o £ In tact yea s t cell s 

25 treated with alkali cations. Tr&nsf oration procedures 
usually vary with the yeast species to fee transformed (see, 
e.g., Karts at al,, Mol > Call, Biol * , 6? 142, 1986; Ktima et 
al , , J\ Bas\xc Mteoi>i^l . , 25: 141, 1985 [Candida] , Gleason 
et al,, J* mn* Micro&iol^ 132 s 3 450, 1 : 9«6; Eoggenkamp at 

30 al,, Mol. : <5ten* £en&t^ 202s 302, 1986 [Han^nt?la] , Das at 
al * , J + Baat&riol „ , ISM r 1165 , 19S4 ; De Louvenoourt at &JU 
J, material, * 154 z 1083; van- dan Berg at al,, 

Bxo/TBChnalagy, Bt 13 5, 1990 IKluyv^TamyaBsJ, Cregg at ai Vr 
Mol. Cell. Biol., Si 3 376, X9m$ mnzm et ai j * Basic 

35 McroMoi*:, 55: 141, 1985; U.S. Patent Hos. 4,8.37, 1.4 S and 
4 ,929,555 CPicftla ] , Binnan et al>, Proc , N&ii * Acad , Sex * 
75s 1929 , 1978 ; ltd at al > > Ji Baoteriol^ iS3 : 163, 
19S3 tSaachaxomyaBB} , Beach and Nur&e, Nature, 3QGz 706 , 
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1981 tsch±zo3:^&k&x^myc^0} - t m& Davidow at ali , Curh, 
G®mt* r tot 39, 1985; Saillardin et al. , Curr, mn&t^' 2Qt 
4 9 , 1983 [Ya rrox^i a IV* 

5 The peasant invention will now foe illustrated toy way of 
example with reference to the following figures r 

Fig. X& is a linear restriction map of the integratiw 
e&ssette for insert' ion of the expression cassette YXpex- 
10 PDI into the M>K2 chromosomal locus of S* o&r&visx&e showing 
the direction of transcription of PDI from the ina^cifole 
GAi;/C^C promoter (open arrow) * Selected 1 restriction sites 
are shown* 

15 Fig* IB is a restriction map of the intagrdtive cassette for 
insertion of the same expression cassette depicted in Fig. 
1A into the eteoiosoial locus of S, c&re\*z&i&® « 

Fig, 1C is a restriction map of the integrative 
20 cassette containing the cerevislae TRX2 coding sequence 
inserted into the expression cassette* 

Fig, ID is a restriction map of the mS2 integratiw 
cassette containing the eer&visia® TEX2 coding sequence 
25 inserted into the expression cassette fused in frame with 
the signal peptide sequence, of Ylpseol. 

Fig* shows a Northern blot analysis of extracted from 
•S* oerevisx&e strains carrying chromosomal insertions of the 
3 0 PDI gene using a FDl-speoific probe ... The arrowheads 
indicate the transcript of the endogenous gene t$pi : ) and of 
the integrated FDI constructs ( : ; BOX) * 

Fig. m shows HMA extracted from mreyMim strains 

35 carrying chromosomal insertions of the gene and the 

Y^B2 :m plasmid hybridised to a TBX2-specif ic (upper panel) 
and to an HCy-E2 ri5 -speoif ic probe (lower panel), The 
arrowheads indicate the transcript of the endogenous gene 
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(TRX2) ? of the integrated THK-2 constructs (: :TE3C2) and of 
the EC#-E2 ?T5 cDHA cloned in YEpsec! C¥-E2 T1S } * 

Fig, 3 shows a. Western blot analysis of soluble proteins 
5 from cell attracts of • modified yeast strains expressing MOV- 
ES n5 using an anti-Eg monoclonal antibody (m&h) „ Proteins 
^ere separated by SDS-moS in the presence (■+ "STT.) or in the 
absence (~* OTT) of a reducing agent:* 

ID Fig< 4 shows a dot-blot analysis of affinity purified E2 n? 
(10 pgf&ot) from the modified yeast strains. A mAh to HC¥- 
E3 m protein expressed in insect cells (3E5-1) f a qbiipan^ee 
antiserum against HCV-EIE2 co-purified from HeLa cells 
(L5S9) ( Choo at aX~, Hat 2 ♦ #ca<?* Sa£ ., USA, 92 i 1294- 

15 139 8 r 1994} and three anti-E2 ? ^^specif ;i.d conformational m&fos 
(29XA2 r . 5E5-H? ; 6&X) (Rosa efc al Froe* Wat! * Acmd * Sex * 
S^Ji 17559^X763, 1996} are used for iBinunob lot ting* 

Fig* 5 shows a call -hound fluorescence analysis of ®Lf-4 
20 cells pre~ineubated with different forms of H€V~E2 protein 
expressed by modified yeast strains and CHD cells. 2?he pre- 
incubated cells are incubated with an anti~E2 p&b 

and f after incubating with f luoreseent -label led F (ab * } z 
fragment lg<3, binding to target cells is indirectly detected 
25 by flow cytometry as cell -bound fluorescence (relative cell 
number (y axis) versus mean fluorescence intensity (x 
axis}.)' * Pre-incubated MOLT-4 pells (without 
proteins) is the negative control v . 

3D 

S tr a laa^JgjLSSsyL!^ and Mea i a 

35 

& description of the strains and plasmids used is presented 
in Table 1 and in Figures XftHD. Figures 1& to 10 depict 
schematically the integrative cassettes used to modify the 
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Descrjpiiou of Fl^mids 

p UC \ mm. I .1 ,23 & bp d f Yfepsec \ ^ioncd in Hod ske of pOC ( 8 Not 

t 



YlpLyT 
YIpAM 



IJji bp LYS3 PC.E fragmcm :'m EeoRI-Hbdill sites of 



S 



.1 .05 9 b?> AD £2 PC R .'frafisincm- h ;EcqR J 4>st! sites of pUC 8 

■ • s ■ ... . ...... - 

854 tsp Bgjil PCR ctoos of TRP1 m Bgiii §i£c: of pUC^-Lys 
931 bp BamHi PG R -dot** of BIS 3 tn 8gIK site of p UCS -Adc 
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caravisiaa straihs,. The open feezes represent tiie 
&■* c®&0y£b£&& chromosomal sequences ade3 (Fig. and 
(Fig. used for integration into the ho^o logons 

chromosomal loai> The genetic lar Jeer s used for select ion of 
integrants (HI S3 and TRPl) are shown as hatchet! arrows^ 
while the open arrow indicates the promoter 

sequence, T&e black box. (term) represents transcription 
termination sequences. The plasmid vector sequences are 



shown 



The E* coli strain HB 101 { : F~ h$c$S2D r®cAX3 txtaJk2 
lacFl galK2 rpsL20 xyZ~S m&tl~2 &upE44} was usecS for plasmid 
eonstractions < Transformation of E « oali cells and analysis 
of reoomMnant plasm, ids were carried out as described by 
13 Sambrodk et &2 > , Molecular Clonings A L&borMtory Mktrmal., 2nd 
Edition, Cold Sprinq Harbor Laboratory, Cold Snrino Harbor,, 
Hew York, USA, 1989. 

&* cereyiaiae strains are arown at 30 *C in evnthetic medium 
2 0 containing 3% carbon source and 0 ♦ 87% yeast nitrogen base 
(Bifco Laboratories , Detroit , MX , USA) supplemented with the 
required amino acids (50 pg/ml) or in complete medium 
containing 2% glucose {YPD} or galactose (GalYP) f 3 % yeast 
extract, 2% peptone * 6*3% KB^BQ^ 



a smi d, ..C^ ic Man i pu la 1 1 on s 

Restriction enzymes, T4 DMA ligase and other enzymes used 
30 for DMA and RMA manipulations are obtained from Mew England 
Bio labs (Hitchin, 0^ } or Boehringer Mannheim <3mbH (Mannhe i m , 
Germany) , PCE amplification of specific DK& fragments is 
performed with a Ferkin Elmer Thermal Cycler CMorwaXJc, CT S 
tm&) using synthetic oligonucleotides. DBA sequencing is 
carried out using an Applied Bio systems (Horwalk, CT, USA) 
model 373 DBA Sequencer* Total yeast DM or RMA is 
extracted according to standard procedures (Sherman et al * f 
Cold Spring Harbor Laboratory, Cold Spring Harbor , Mew York, 



? o mm: 



USA* 1983) . All other SNA Manipulations are performed as 
describaa toy Sambrook efc al > r ^upra „ $ . ce^evi^iaa strains 
are transformed by the MCI method {Eothstein, in; Dffl 
Cloning fGIover, D*M, eci*>* Vol- 11, pp* 4 5-66 , XRt» Press, 

^ jjl «L 



is 



2 



Two integrative cassettes are constructed for Inserting the 
expression cassette Into two different chromosomal loci of 
S< ©e^vitfiaa., and mm* The integrative plasmid 

LyT (Table 1} is obtained by cloning an BeoKX -Hi ndXXI FOR 
fragment comprising 1,3X8 hp of the S« cerevisiaa LYS2 gene 
between the BcoRX and HlndXXX Bites of plasmid pO€S* The 
resulting piasmia pUCB-h$& (Table 1 } contains a xxnique Bglll 
site located within the LYS2 sequence which is need for 
cloning of the S< cerevisiae selectahle marker TRPl obtained 
by PCR amplif ication of the TRPl gene of plasmid mpZl* 



Y 



Integrative pi asisla YIp&H (Table 3) is constructed by 
insert ing into the EcoRI-P^tX sites of plies the 1,059 

it of the s* o®rm?isi&e A0E2- gene amplified 
ing an EcoRi site at the 5* end and a Pat I site 
the 3 s end. The SU cere^isiae selectable marker H I S3 
amplif ied, by PCE adding restriction Bites BamHI-SpeT-NptX 
the 5-* end and a BaraBI site at the 3> and. 



st 
is 



he HI S3 BamHl 



digested PCR product is cloned into the unique Bglll site of 
pUGB*~M& to give: pi asm id Y Ip&H > 



30 
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pUCXBymc pXasmid carrying the expression cassette is 
constructed toy cloning a FCI^ampllf led Hot! X , 23B top 
fragment of plasmid YEpseci (Baldari et al * „ SMBD j\ 6t 



* 29-23 4 



1987 ; Galeotti at al . > US Patent 5 , 432 , 08 2 ;> . lit 



July 19 spanning the promoter to the terminator 
sequences. Into the pUClSNot vector (Herrero at al „ , J\ 

r 172i 6557-6567, 1390) * Insertion of the 



Bacteriol 



Eroc. Mat! > Aea<t* Soil /USA 



sequence coding for S. cereFislae pdx (LaMantia et al * 

, aas 44S3-4457,. 1991} into the 
e of; pOCyex is obtained fay. cloning a SacX- 
Into the Sacl-Pstl sites of pUfeiSyeK. 
Similarly, the ^* cereidsiae TRX2 : coding sequence (Mnller, 
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<r* .B-tpl* ChBM*? £$8t 9194-9202, 1991} is ampllf i^a by PdE 
adding a Sac.X site proximal to -the ATG codon and a Ha IX site 
dismal from the *TGA stop oodon and cloned into the SaoX- 
Ball sites of pUClByex* The sTRK version of the clone is 
$ obtained by sufestituting the BacI-ATG PCR primer with a SmaX 
P€H primer > which amplif ies the TRX2 coding sequence from 
the second oo&cm (TAG) in frame with the signal peptide 
seguenoe of pUCXSyex, and cloning the PCB fragment into the 
SMaI-Sa.ll sites of piJCXByex* All PCB clones are sequenced 
10 after cloning into the pOClSyex plasiid* 

Vector Yipex2-PDI (Fig. Ik) is obtained fey inserting the 
Notl^Xbal fragment of pUCXByese containing the PD1 expression 
cassette into the Hot I -Spa I sites of piasmid YIpAH (Table 1} 

15 in order to remove the Xtoal site at the 3 ? end of the 
expression cassette and leave only the Kteal sites at the two 
extremities of the M)M2 integrative cassette* 
Tran&f ormation of strain with XhaX -digested YIpex2~ 

POX results in integration of the FBI express ion cassette 

20 into the &0B2 chromosomal locus of strain (Table 
1) » 

Cloning of the ye^-pDI MotX fragment into the Hot! site of 
fXphy'S (Table X) gives rise to two piasmi&s containing the 

25 PDX expression cassette in opposite orientation with respect 
to the integration locus. Piasmid TXpeKl~FBX& (Fig* 

IB) has the same orientation as TZppx2^PtiT r while in piasmid 
YXpexX-PDIB the yex-PDl insert is in the opposite 
orientation * Transformation of &*. a&rmwi.sx&& with YXpexX- 

3 0 FDIA/B is carried ont using Spel-restricted integrative 
cassette. Strain SXS0 W FA1 (Tafele X) is an integrant 
carrying the yex-PDXA version, while strains W303-PB1 and 
SX50-PBI (Table 1) result from integration of yex~PDXB* 

35 PI asm Ms: Y 1 pa k 1 —TEX 2 and YXp.exl^sTRXS (Fig, XO and 10} are 
generated subcloning the Motx fragment of pyciSyex^ l l?S>t 
and pUClByex-sTRX respectively into the HotI site of 
pUCiayex. The orientation of the cloned fragments chosen 



wo mmim 



4 7 



for producing S * cere^isiae xntepaSfe is the same as that 
o£ Ylpex-FDX&* Integrants Sis 0-^21 and SX2X-PA2 are 
obtained by transforming stra&a SISO^SB and S150HFA2 (Table 
1} with SpeX^digest&& ¥Xpe^X~TRX2 + whereas transf ormation of 
5 S1S0^2B with flp^xi-aTEXa generates integrant slSQ-sX2i 
(Table 1} * The dif f erent S* cere^isiae integrants are 
suteseguerstly transf ormad with the YEpsecl<~!2 715 plasmid far 
ex|)ression of the HCV-K2 m envelope glycoprotein in yeast. 

10 In a similar method, the yeast strain (over) expressing PDJ 
(S 150 -FAX, TaSie 1) has also been used to obtain human FXGF 
in a soluble form* The same factor is insoluble when . 
expressed in the wild-type yeast strain * 

J^al^sis of Transcription of the Xntear&ted Genes 

RHA from the different integrants grown under repressing 
{ YPD) or inducing (GalYF) conditions is separated on a 2*2M 

20 f or^aldebyde-1 , 2% agarose gel ?. transf erred to a 
hitroce 1 1 u lose membrane and hybr idi s ed to ^p- labelled 
specific probes in order to determine if the site of 
integration and /or orientation of the expression cassette 
influences transcription of the integrated PDI or THX2< 

25 Using a FDl^specifio probe for Northern analysis of PDI 
integrants shows that transcription from the galactose- 
inducible promoter of integrated PDI is correctly regulated f 
repressed growth in glucose medinm (Fig. 2&) * 

..Moreover,- hoth the orientation of the transcription unit and 

3D the site of integration influence the level of 
transcription, A lower ratio between the transcript of 
integrated PDI and that of the endogenous gene is observed 
in integrants carrying the B (SX50~FBX, W303-PB1} rather 
than the A £3X50~FAI} orientation of the construct and 

3 5 integration in ade^ £SXS0~FA2> leads to an even greater 
reduction* 

Analysis of transcription of the BCVV£2 n? CDMA cloned in 
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YEpsacl (Y-m ns ) in lys2::TEX2 and ly&2i tsTHXg integrants 
grown in 0a XW shows that the insertion of a galactose- 
regulated gene in these strains does not influenza the 

level of B2 715 even t&oiifh expression of both genes 

5 requires the same transcription factors (Fig* 2BJ* 
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Cell extracts are prepared from yeast cultures toy disrupting 
cells with glass heads in a BraSn homoganimer £S« BraOn 
Melsaagen Meisungen, Germany) for 2 0 s at 4*€* &£ter 

disruption, the cell suspensions are diluted in PBS and 
at £ inity-piiritied (sea fee low); « Protein samples are analysed 
toy SDS-pQiyacryiamide gel electrophoresis { SDS~PAOB} as 
^scrifecl by iaemili (L&emmi i , Mature, 227 1 60O-€S5> 1970} 
in buffer (2 % SOS, 10% glycerol, 2 mm DTT, 62*SmM Tris- 

transferred- to nitrocellulose membrane 



Ves 



, USA) (Towhin et al > > Pro 



HCX, pB 6 + 
(Ki trofeind , < w ^ < 
mtl* Acad. Sex * ?e t 4350-4354 , 1979} « The membrane is 

incubated in a buffer containing PBS, 3% milk powder and 
0>i% Triton* A Monoclonal antibody {m&fo) to a linear 
epitope of HC¥-E2 ?15 protein expressad in insect ceils f3ES~ 
1 ) * ^ conf ormational m&ba (291A2 and and a 

ahimpan&ae antiserum against BO¥-BXE2 co-purif ied from Heha 



ee lis { L5 59} ( Choo e t al « , 
imA-xmB, 1994; Rosa, at al* , 
£3:. 1759-1763 , 1996) are 
iTsmunobldts are developed witfe enhanced chemiiiiminescence 
(ECL* Marsha, Arlington Heights, II, USA) > 



7\ Natl, Acad, Sax, USA* 91 i 
ProCv Mat J,- Idad. Sax, USA? 
used for iMmnnofoiotting> 



35 



?¥-E2 >1s is purified from yeast cultures by affinity 
chromatography using a lectin column imianthus nixmlis™ 
agarose lectin (QHL) ; particular commercially available Cm 
used was GS, Vector Laboratories in®-* * 
m&) > The column is equilibrated with PBS at 40em/h, washed 
with Q*9M NaCi in PBS and the glycoprotein is elated by; 



^rlinq* 
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using iM a-Methyl-0^annosye f D* 9M NaCI in PBS, The column 
fractions are aialysedi against PBS, protein cdncantr^io^s 
are detemined osing the Lowry method (Bio^R&d DC Protein 
Assay , Bio^Ra^ :f: Hercules , c&;« USA) and analysed toy Sot-blot 
B with mono clonal anti~E2 antibodies * 

Western blot analysis of affinity-pur if iea proteins from 
cell extracts of 2ys2 ; 5 TRK2 , lys2 t j FDI ? Iys2t i TRX2-a<?e2 t sFDI 
integrants a^pr easing HC?-,E2. ?15 reveals that a proportion of 

10 the K2 ?15 glycoprotein can enter the separating gel in the 
absence of DTT only in samples from integrants 
owrexpr easing FDI < The relative amount of qlvoonrotein 
entering the gel without a reducing agent appears to be even 
greater in the sample from the double integrant SX21-PA2 

15 (Fig, 3}> 

iBmunoblo tiding of unaenatured from the Different veaet 

strains shows that the glyooprotein purified from the PDX 
integrant binde the 3E5Htt7- and, at a lower extent , the 291A2 
20 conformational antibodies (Fig. 4 ) < 



M££e£Mli: Forms of,„,HCV~E2 Protein Expressed in M^d if 1^1 

X&S i tr a i n B i nd^ Ao; MOLT- 4 Ce 1 1 s 

25 

H€V~B2 protein is expressed in nature in mammalian cells and 
binds human cells with high affinity, To investigate 
whether modi tied ye&st-expressad E2 proteins has. similar 
biological activity and can bind human ce lie, dells of the 

3D human T^oall lymphoma line, m&%m™4 are incubated at 4 *0 with 
different for^e of modified yeast-expressed E2 protein (8*7 
mfml) » As a positive control, ^HO-e^ressea 12 protein Is 
usee! at the saine ooncentration. As a negative control, 
calls: are Inoubated in the absence of E2 proteins. 

3 5 Subsequent iy, the cellular pallet is incubated with sa&h 
raised against E2 * After incubation with phycoerythrin- 
labelled F(ab ? ) e fragment goat anti^ouse XgG ? binding to 
target cells is indirectly detected by flow cytometry as 
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oel Inbound f luorescence (Fig* 5} * 

As is shown in Figure ,5, : the H0tT-4 cells pre~inoubate4 with 
CHO-e^pressed. HCV-E2 protein {S2 CMC GHL) have the highest 
5 Bean fluorascence intensify (M - 133,78} when compared to 
the ceils ptra^incubatec! with modif ied yeast-expressed 

E2 proteins (M » 26* S4 (82 ^east FDI GHL) ; M ^ 5.32. (E2 
Ye&st TRK CHI*} } * However , the IOLT-4 Dells pre-incubated 
w i th mod if ied yeas t- expressed E2 pr ate in neverthe less- are 
IB higher in mean f iBorescence intensity than the MOLT- 4. cells 
pre- incubated with no .82 proteins (H » 3 * 97 (-ve/Control) ) * 

The binding of the dif ferent, f orma of the E2 protein to the 
cells is Influenced by the structure of the proteins* 

IS The CHO^ expressed E2 protein has appropriately- formed 
disulphide bonds and is therefore correctly folded and 
biological Xy active, The consequence of this is a high 
binding affinity of the CHO ^expressed E2 protein for the 
cell surfaces of the cells^ resulting in a high mean 

20 fluorescence intensity. Similarly , the modified yeast- 
expressed E2 proteins also appear to be biologically active 
since they hind. MOLT-4 ceils, thereby resulting in a higher 
mean fluorescence intensity v compared to the negative 
control * 



Although the mean fluorescence intensity (and therefore 
binding affinity for HOLT- 4 cells) is lower for the modified 
yeast-expressed E2 proteins compared to the CHO-expressed E2 
protein, non^odlf led yeast-eKpressed E2 protein (i *e* 
30 expressed, in yeast cells without oo-e^pression of poi or 
TEX) is unable to hind M0LT~4 cel ls {see Rosa et al * , Proc . 
N&fci* Acadi Sol* US& r 93 1 1759-1763 , 199 6 ; particularly 
lines %& to 10 of Results paragraph on page 1760 and Fig, 
1) Thus , the modif ied host expression svstem of the 

A? .... . vk.* . ... 

35 present invention can produce heterologous proteins of a 
similar biological activity and /or structure to the native 

by their natural ha: 



si 



X* & veetor comprising an : egression cassette c apprising: 
5 a DMA. saquenca encoding a protein capable of cata lysine? 
disalphide Jbond formation, 

.2* & vector according to elate X* wherein the protein 
capable of catalysing di sulphide bond formation is protein 
10 disulphide isomerase (P0X) or thioredoxin (THX) . 

3* A vector according to claim 1 or claim 2> wherein the 
vector further comprises DH& sequence (s) en coding, one or 
more leader peptides for secret ion > 

4* A vector according to any one of claims 1 to 3., 
wherein tJie vector Surtlner ooBpriseB an expression cassette 
comprising DMA sequence ( s} encoding on& or more heterologous 
proteins * 

2 0 

5.«. & vac tor according- to claim 4 < wherein the 
heterologous protein is hepatitis £ virus (HCV) E2 715 . 
envelope glycoprotein or human c-fos- induced growth factor 

25 

6* A vector according to any ope. of claims 1 to S> 
wherein the vector is capable of integrating into the genome 
of a host organism* 

"30 ?* A host organisxft transformed with a vector according 
to any one of claims 1 to 6 *. 

8* A host organism according to claim 7 further 
transformed with a vector comprising an expression cassette 
35 comprising UBh sequence (s) ericocling one or more heteroiogoas 
proteins * 
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9* A host organism according fe.o claim S ? wherein the 
heterologous protein is hepatitis C virus (HCV) E2 rn 
any a lope - glycoprotein, or human FIG.F. 

5 10. A host organism according to any one of claims .? to 
9 f wherein the host; organism is a, y&ast* 

11 x A method of pro<i&cing a host organism according to 
claim T f comprising transforming a host organism with a 
ID vector of any one: of claims I to €> 

12* A method of producing a host organism according to 
claim 8> domprislhg further transforming a host organism of 
claim 7 either subsequently or simultaneously with a vector 
15 comprising an expression cassette comprising DMA sequence '("&} 
encoding one or more heterologous proteins. 



13 * A method of producing a host organism according to 
claim 9,. comprising further transforming a host organism of 
2 0 claim 7 either s ufoseqiae n t 1 y or simultaneously with a vector 
comprising an expression cassette comprising DMA sequence f a ) 
encoding hepatitis e virus (HCV) E2 m envelope glycoprotein 
or human F1GF * 



2 5 14 * A method for expressing biologically active and/or 

correctly structured heterologous protein (s) in a host 
organism, comprising the steps of s 

(a) transforming a host organism ^ith one or more vectors 

3 0 according to any one ot claims 1 to 6; 

(b) further transforming the host organism resulting from 
step (a) either subsequently or simultaneously with one or 
more vectors comprising DN& sequence! s) encoding one or more 

35 heterologous proteins; and 




{&} Gaituring the host organism of step (a) in conditions 
15 suitable for expression of the one or more heterologous 
proteins * 

16. & method for expressing biologically active and/ or 
correctly stCTctured heterologous protein(s) 1b a host. 
SO orgmismj. comprising the step of aultnring a host organism 
according to claim 8 in conditions sui table for expression 
of the one or more heterologous proteins < 

17* A method according to any one of claims 14 to 16, 
23 wherein the heterologous protein is HCV-E2 71 ^ envelope 
glycoprotein or human FXGF * 

18. A method for the preparation of an immunoaenic 
c ompos, i t i on , compr is in§ for i ng ing HCV-E2 7n envelope 
3D glycoprotein or hnman FXGF produced by the method at claim 
17 into association with a pharmacenticaliy carrier and 
opt ion a 1 1 y a n ad j uva nt . 
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